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ABSTRACT 


The  U.S.  hmy  Corps  of  Engineers,  Nobile  District  obntrarted 
Harmon  Engineering  &  Testing  of  Auburn,  Alabama,  to  perform  a  ^ 
Water  Quality  Management  Study  of  the  Middle  Black  Warrior  and 
Tombigbee  River  System  (Contract  No.  DACW01-78-0181).\.^Jii«^study 
began  in  July  1978,  and  samplings  were  made  approximately  every 
six  weeks  through  October  1979,  for  a  total  of  thirteen  (13) 
samplings.  Physical -chemical  water  quality  parameters  including 
in-si tu  parameters  such  as  temperature  and  dissolved  oxygen  were 
measured  along  with  anions,  cations,  and  heavy  metals.  Sediment 
samples  were  analyzed  for  grain  siz?,  pesticides,  herbicides,  oil 
and  grease,  organic  matter  and  heavy  metals.  Biological  parameters 
monitored  included  fecal  bacteria,  phytoplankton,  zooplankton, 
macroinvertebrates  and  aquatic  macrophytes.  Algal  nutrient  limit¬ 
ation  was  evaluated  using  the  U.S.  EPA  Algal  Assay  Bottle  Test. 

The  physical -chemical  water  quality  of  the  Middle  Black  Warrior 
and  Tombigbee  River  evidenced  no  levels  of  monitored  constituents 
which  would  be  considered  severe  or  environmentally  degrading.  The 
river  and  reservoirs  exhibited  only  very  minor  seasonal  stratifica¬ 
tion.  Seasonal  variation  in  certain  constituents,  most  notably 
suspended  matter,  nutrients  and  some  anions,, was  observed  and  re¬ 
sulted  primarily  through  increased  discharge  due  to  rainfall.  Aquatic 
biota  was  observed  to  be  relatively  diverse  and  indicative  of  moderate 
to  good  biological  water  quality.y^ 
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EXECUTIVE  SUMMARY 


The  Water  Quality  Management  Study  of  the  Middle  Black  Warrior 
and  Tombigbee  River  basins  (Contract  No.  DACW01-78-018p  indicated 
that  this  dual  river  basin,  which  includes  the  reservoirs  impounded 
by  Warrior  Lock  and  Dam  and  Demopolis  Lock  and  Dam,  had  no  physical, 
chemical  or  biological  water  quality  conditions  which  would  be  con¬ 
sidered  environmentally  degrading.  This  indication  resulted  from  an 
eighteen  (18)  month  water  quality  survey  conducted  at  twenty-three 
(23)  stations  throughout  the  two  river  basins.  The  following  sections 
provide  a  synopsis  of  the  study  and  the  results  and  conclusions  ob¬ 
tained. 

STUDY  AREA 


The  Middle  Black  Warrior  and  Tombigbee  River  System  includes 
the  Black  Warrior  River  from  Oliver  Lock  and  Dam  at  Tuscaloosa  to 
its  confluence  with  the  Tombigbee  River  near  Demopolis.  The  Tombigbee 
River  section  considered  in  this  study  began  at  Gainesville  Dam 
and  continued  to  Demopolis  Lock  and  Dam.  There  were  sixteen  (16) 
monitoring  stations  on  the  Black  Warrior  River,  five  (5)  on  the  Tom- 
biobee  River  and  two  (2)  in  Demopolis  Lake.  Additionally,  twelve 
(12)  major  tributary  streams  were  monitored,  along  with  six  (6)  mun¬ 
icipal  and  industrial  discharges. 

ANALYSES  AND  ANALYTICAL  METHODS 

Throughout  the  study,  approximately  one  hundred  (100)  different 
parameters  were  measured  and  analyzed.  These  included  physical 
measurements,  in-situ  chemical  measurements,  laboratory  analyses, 
biological  specimen  collection,  identification  and  enumeration  and 
field  observation  of  aquatic  plants.  Each  different  segment  of  the 
study  was  performed  according  to  methodologies  agreed  upon  by  the 
U.S.  Army  Corps  of  Engineers,  Mobile  District.  Laboratory  quality 
control  procedures  were  used  to  maintain  the  validity  of  the  anal¬ 
ytical  results. 

Physical  measurements  were  temperature  and  light  penetration. 
In-situ  chemical  measurements  were  performed  for  pH,  specific  con¬ 
ductance,  dissolved  oxygen  and  oxidation  reduction  potential.  Lab¬ 
oratory  parameter  included  a  full  range  of  anions,  nutrients  and 
heavy  metals.  Biological  parameters  were  fecal  bacteria,  phyto¬ 
plankton,  zooplankton,  macroinvertebrates  and  aquatic  macrophytes. 

In  addition  to  routine  collection  of  water  quality  data,  several 
other  investigations  were  performed.  Sediments  were  collected  for 
physical -chemical  analyses.  T'-'j  in-situ  chemical  measurements  were 
used  to  monitor  for  stratification,  tributary  and  discharge  quality 
and  the  water  quality  effect  of  operating  Warrior  Lock. 
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RESULTS 


In-si tu  analysis  showed  that  the  Middle  Black  Warrior  and 
Tombigbee  River  basin  were  relatively  warm  (9°  -  31°c)  and  well 
oxygenated  (surface  dissolved  oxygen  levels  >5.0  mg/£).  Specify 
conductance  varied  between  the  two  basins,  with  the  Tombigbee 
River  having  lower  conductivities  (x  =  125  pmhos/cm)  than  the 
Black  Warrior  River  (x  *  175  ymhos/cm).  Clarity,  as  measured  by 
color,  turbidity,  and  light  transmittance  and  Secchi  depth  was 
generally  greater  in  the  Black  Warrior  River  than  the  Tombigbee 
River  and  Demopolls  Lake.  This  was  attributable  to  higher  turb¬ 
idities  and  suspended  solids  in  the  Tombigbee  River. 

The  chemical  constituents  of  the  two  rivers  showed  varying 
concentrations  when  the  study  period  averages  are  compared. 
Dissolved  solids  and  the  constituents  varying  slightly  between 

the  two  river  basins.  The  Black  Warrior  River  had  lower  study 
period  averages  for  alkalinity,  calcium,  magnesium  and  chlorides 
than  did  the  Tombegbee  River.  However,  the  Black  Warrior  River 
had  greater  levels  of  magnesium,  potassium  and  sodium  which  lead 
to  higher  total  EDTA  hardness  and  dissolved  solids  than  occurred 
in  the  Tombigbee  River.  Sulfates  averaged  the  highest  levels  in 
the  Black  Warrior  River  and  sulfides  were  equal  In  both  basins. 
Inorganic  nitrogen  forms  were  highest  in  the  Black  Warrior  River 
while  the  Tombigbee  River  had  the  highest  levels  of  organic 
nitrogen.  Both  total  and  dissolved  phosphorus  forms  were  highest 
in  the  Tombigbee  River.  Iron  was  more  prevalent  in  the  Tombigbee 
River;  mangenese  and  zinc  had  their  highest  levels  in  the  Black 
Warrior  River.  These  results  indicate  that  while  results  vary 
between  the  basins  the  range  of  variation  Is  not  tremendous  (many 
parameters  showed  less  than  50%  variation)  and  no  constituent 
poses  any  environmental  hazard. 

Biological  analyses  showed  relatively  equal  numbers  and 
diversity  within  the  major  categories  studied.  Phytoplankton, 
zooplankton  and  macroinvertebrates  were  observed  to  fluctuate 
with  the  seasons.  Additionally,  the  plankton  samples  from 
Warrior  Lake  and  Demopolls  Lake  showed  some  variations  in  total 
numbers  which  indicated  that  impoundment  had  some  affect  on  pro¬ 
duction  as  compared  to  the  more  free  flowing  sections  of  the 
study  area.  The  microbiological  parameters  indicated  that  there 
as  a  degree  of  fecal  pollution  entering  the  river  system  and  the 
Tombigbee  River  showed  greater  levels  of  fecal  bacteria. 

Sediment  analyses  revealed  that  the  two  river  basins  had  some 
measurable  quantities  of  sediment-associated  pollutants.  Organic 
matter,  oil  and  grease  and  nutrients  did  not  appear  to  be  excess¬ 
ively  high  at  any  of  the  stations  monitored.  Heavy  metals,  espec¬ 
ially  toxic  metals  such  as  cadmium,  chromium,  and  nickel  occassion- 
ally  showed  elevated  levels,  particularly  below  Oliver  Lock  and  Dam 
and  Warrior  Lock  and  Dam.  If  future  waterway  maintenance  requires 
dredging  In  these  areas,  special  sediment  quality  evaluations  may 
be  necessary. 

The  Middle  Black  Warrior  and  Tombigbee  River  System  evidenced 
very  little  seasonal  stratification  in  temperature  and  dissolved 


oxygen.  The  majority  of  stratification  nwnitoring  data  indicate 
that  both  rivers  present  a  nearly  homogenous  thermal  and  chemical 
profile  for  in-si tu  parameter.  The  lack  of  extensive  horizontal 
stratification  indicates  that  the  river  mixes  well  and  that  the 
assimilative  capacity  for  municipal  and  industrial  discharges  was 
quite  high.  * 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  Water  Quality  Managenisnt  Study  of  the  Middle  Black  Warrior 
and  Tombigbee  Rivers  indicated  that  no  excessive  pollution  was  adversely 
affecting  the  water  quality  within  the  study  area.  Water  and  sediment 
quality  and  aquatic  biota  all  appeared  to  be  within  tolerable  limits. 

It  was  recommended  that  in  the  future  fewer  water  quality  monitoring 
stations  could  be  established  and  trends  in  water  quality  could  be 
assessed  from  the  baseline  data  of  this  study.  The  implementation 
of  such  an  approach,  would  provide  a  continuous  record  of  water 
quality  before  and  after  completion  of  the  Tennessee-Tombigbee  Water- 


SECTION  1 


INTRODUCTION 


The  United  States  Anny  Corps  of  Engineers,  Mobile  District  (COE) 
has  undertaken  a  water  quality  management  study  for  the  Middle  Black 
Warrior  and  Tombigbee  Rivers,  Including  Warrior  Lake  and  Demopolls 
Lake.  Harmon  Engineering  &  Testing  Company  (HE&T)  was  contracted 
by  the  COE  (Contract  DACW01-78-C-0181)  to  perform  the  required  sampl¬ 
ing,  analyses  and  reporting  for  those  Impoundments. 

1.1  PROJECT  DESCRIPTION 

1.1.1  Black  Warrior  River 

The  Black  Warrior  River  Is  formed  by  the  junction  of  Mulberry 
Fork  and  Locust  Fork  about  20  miles  west  of  Birmingham,  Alabama,  on 
the  Cumberland  Plateau  (Figure  1-1).  It  flows  southwesterly  for 
174  miles  through  the  Coastal  Plain  to  join  the  Tombigbee  River  at 
Demopolls,  Alabama.  The  river  basin  Is  the  largest  In  Alabama  with 
a  drainage  area  of  6300  square  miles  covering  all  or  part  of  sixteen 
counties  (AWIC,  1976). 

After  exiting  the  Warrior  Coal  Basin  north  of  Tuscaloosa,  the 
river  enters  the  study  area  considered  In  this  report.  This  study 
area  begins  at  Tuscaloosa,  Immediately  downstream  of  William  B. 

Oliver  Lock  and  Dam  (Figure  1-2).  Tuscaloosa  Is  In  the  Fall  Line 
Hill  Subdivision  of  East  Gulf  Coastal  Plain.  Near  Eutaw,  Alabama, 
the  river  flows  Into  the  Black  Prairie  Belt,  which  Is  characterized 
by  chalk  deposits  of  various  types,  and  remains  In  this  physio¬ 
graphic  region  until  Its  end  at  Deirapolls.  Downstream  of  Tuscaloosa, 
i^e  river  averages  a  drop  of  0.5  feet  per  mile  and  has  steep,  high 
banks. 


The  Black  Warrior  River  Is  Impounded  261.1  miles  above  Mobile 
(50  miles  above  the  confluence  with  the  Tombigbee  River)  by  Warrior 
Lock.  The  Warrior  reservoir  covers  7,800  acres  at  a  normal  pool 
elevation  of  95.0  feet  above  mean  sea  level  (MSL)  and  extends  77 
miles  upstream  to  William  Bacon  Oliver  Lock  and  Dam  creating  ap¬ 
proximately  300  miles  of  shoreline.  The  drainage  area  above  Warrior 
Lock  and  Dam  is  6,280  square  miles.  The  river  had  an  average  Flow 
(1932-1955)  of  8,766  cubic  feet  per  second  (cfs)  and  had  a  minimum 
mean  monthly  flow  In  October  1935  of  177  cfs  and  a  maximum  mean 
monthly  flow  of  44,610  In  February,  1956  (U.S.  Anny  Corps  of  Engineers, 
Mobile  District,  July  1975). 


1.1.2  Tombigbee  River 


The  Tombigbee  River  originates  In  northeast  Mississippi  and  flows 
through  the  Black  Prairie  Belt  to  Its  confluence  with  the  Black  Warrior 
River  at  Demopolls  (Figure  1-1).  The  river  continues  to  the  confluence 
of  the  Alabama  River  where  It  forms  the  Mobile  River  which  flows 
into  Mobile  Bay.  The  total  drainage  area  above  Demopolis  Lock  and 
Dam  is  15,400  square  miles  (includes  Black  Warrior  and  Tombigbee 
River  basins). 
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FIGURE  1-1.  Geographic  Location  of  the  Study  Area  for  the  Water  Quality 
Management  Study,  Middle  Black  Warrior  and  Tombigbee  Rivers, 
July  1978  thru  October  1979. 


R-1  thru  R-5  =  Upper  Warrior  Lake 
R-6  thru  R-9  =  Lower  Warrior  Lake 
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FIGURE  1-3.  Locations  of  Sampling  Stations  for  the  Water  Quality  Management 
Study,  Middle  Balck  Warrior  and  Tombigbee  Rivers,  Lower  Black 
Warrior  River,  Tombigbee  River  and  Demopolis  Lake  Sections, 

July  1978  thru  October  1979. 


The  stu(ty  area  on  the  Tombigbee  River  extends  from  Gainesville 
Lock  and  Dam  for  52  miles  downstream  to  Demopolis  Lock  and  Dam  form¬ 
ing  Demopol  is  Lake  (Figure  1-3)  which  is  impounded  213.2  miles  above 
Hcbile.  The  reservoir  has  a  normal  operating  pool  of  73  feet  MIL. 

At  this  elevation  the  reservoir  covers  10,000  acres,  has  500  miles 
of  shoreline  and  provides  navigable  depths  to  Gainesville  Lock  4nd 
Dam  on  the  Tombigbee  River  and  Warrior  Lock  and  Dam  on  the  Black 
Warrior  River.  Demopolis  Lake  had  a  mean  flow  (1928  to  1967)  of 
22,100  cfs;  minimum  monthly  flow  was  753  cfs  in  August  1954;  maximum 
monthly  flow  was  116,000  cfs  in  March  1929  (U.S.  Army  Corps  of 
Engineers,  Mobile  District,  February  1979). 

1.2  OBJECTIVES 

The  objectives  of  the  water  quality  management  study  on  the 
described  sections  of  the  Middle  Black  Warrior  and  Tombigbee  Rivers 
were: 

•  To  establish  base-line  conditions  for  further 

comparisons 

•  To  identify  water  quality-environmental  problems 

•  To  collect  data  to  allow  guidance  for  reservoir 

control -discharge  water  quality  relationships 

•  To  collect  data  that  will  provide  an  adequate  data 

base  and  understanding  of  project  conditions  to 
facilitate  coordination  with  state  agencies  to 
implement  watershed  pollution  control. 

1.3  SAMPLING  LOCATIONS 

Figure  1-1  illustrates  the  general  geographic  location  of  Black 
Warrior  and  Tombigbee  Rivers  and  the  study  area.  Station  locations 
for  the  study  are  shown  on  Figures  1-2  and  1-3. 

Table  1-1  provides  a  listing  of  the  main  river  sampling  station 
locations  of  this  project.  Included  are  the  STORET  station  codes, 
river  miles,  and  brief  descriptions  of  the  station  locations.  The 
division  of  the  table  into  the  Black  Warrior  River,  Tombigbee  River 
and  Demopolis  Lake  will  facilitate  discussion  in  later  sections  of 
this  report.  Table  1-2  shows  similar  information  for  the  discharge 
and  tributary  stations.  Table  1-3  presents  the  bacteriological 
sampling  station  locations. 

The  two  river  basins  have  been  grouped  into  four  river  sections 
to  facilitate  discussion  of  water  quality  trends.  Thus,  the  Black 
Warrior  River  has  been  divided  and  the  sections  designated  Warrior 
Lake  and  the  Lower  Black  Warrior  River.  The  Tombigbee  River  and 
Demopolis  Lake  are  the  remaining  sections.  These  section  designations 
are  fully  described  in  Section  3  of  this  report. 

1.4  SAMPLING  SCHEDULES 

Table  1-4  presents  a  simnary  of  the  dates  and  sampling  trips. 
Table  1-5  compares  the  main  river  stations  to  the  parameters  to  be 
analyzed.  Table  1-6  presents  the  analytical  schedule  for  the  study. 
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lain  Ri' 
gbee  R 


R-10 

R-n 

R-12 

R-13 

R-14 

R-15 

R-16 


River 

Mile 


BLACK  WARRIOR  RIVER 


TOMBIG6EE  RIVER 


DEMOPOLIS  LAKE 


Station  Description 


US 

337.6 

Below  W.B.  Oliver  Lock  and  Dam 

BI9 

334.2 

Above  Potato  Creek 

mm 

317.2 

Above  Nelson's  Bar 

314.6 

Alabama  Power  Co.  (APCO)  cable 

mm 

293.3 

Old  Lock  #9  at  black  buoy 

4242 

274.8 

Above  Merri weather  Landing  at 

black  buoy 

4159 

266.8 

At  red  buoy 

4156 

264.5 

Jennings  Ferry  at  red  ouoy 

4153 

262.0 

Above  Warrior  Dam  (1000  feet) 

4149 

261.0 

Tailrace  1  mile  above  confluence* 

4242 

260.9 

Below  Warrior  Lock 

4146 

245.2 

Withers  Landing 

4143 

232.0 

Old  Lock  #5  at  red  buoy 

4139 

228.8 

Above  APCO  Plant 

4136 

226.2 

Above  Yellow  Creek 

4133 

219.4 

Above  U.S.  Hwy.  43  at  red  buoy 

279.0 

Above  Woodward  Lake  confluence 

273.7 

Above  Tubbs  Creek 

257.8 

Above  Factory  Creek 

236.2 

Above  Acron  Creek 

221.0 

Below  Rattlesnake  Bend  cut-off 

At  black  buoy 

Demopolis  Dam  warning  sign  at  bouy 


Table  1-2.  Location  and  Description  of  Tributary  (T)  and  Discharge  (D) 
Stations  bn  Middle  Black  Warrior  and  Tombigbee  Rivers, 

July  1978  Through  October  1979. 


COE 

Station 

Number 

storey 

Station 

Code 

Station  Description 

BLACK  WARRIOR  RIVER 

D-  1 

4275 

316.5 

Below  Tuscaloosa  STP*discharge 

T-  1 

4272 

312.3 

Big  Cypress  Creek 

T-  2 

4268 

312.0 

Little  Sandy  Creek 

T-  3 

4265 

207.1 

Big  Sandy  Creek 

T-  4 

4262 

293.0 

Elliots  Creek 

T-  5 

4258 

279.4 

Five  Mile  Creek 

T-  6 

4255 

269.5 

Minters  Creek 

T-  7 

4252 

266.4 

Big  Brush  Ci^-eek 

T-  8 

4248 

N/A 

White  Creek  below  Warrior  Dam 

T-  9 

4245 

231.0 

Big  Praire  Creek 

D-  2 

4238 

228.2 

Mwth  of  APCO  discharge  channel 

0-  3 

4235 

228.0 

APCO  pond  discharge 

T-10 

4232 

222.8 

French  Creek 

TOMBIGBEE  RIVEF 

3225 

278.0 

Noxubee  River 

3222 

265.5 

Sumter  Sand  and  Gravel  Co.  discharge 

3218 

231.4 

McConnico  Creek 

3215 

222.6 

River's  City  Industry 

D-  6  1 

3212 

214.2 

Borden  Chemical  Company 

D-  6 


COE 

Station 

Number 


Station  Descriotion 


STORE! 

Station 

River 

Code 

Mile 

BLACK  WARR] 

[OR  RIVER 

C-1 

4301 

- 1 

219.2 

- - - 

Creek  above  U.S.  Hwy  43-50'  from  pier 

C-2 

218.5 

Runaway  Creek  #1  -  50'  from  shore 

C-3 

4307 

218.5 

Runaway  Creek  #2  -  50'  from  shore 

C-4 

4311 

216.1 

Unknown  Creek  at  U.S.  Hwy  43 

1-4.  Sampling  Trips  and  Dates,  Middle  Black  Warrior 
and  Tombigbee  Rivers,  July  1978  through 
October  1979. 


1978 

July  30-August  4 
August  -September  1 
October  1-5 
December  10-14 


1979 


Trip  5 

February  28-March  2 

Trip  6 

May  14-16 

Trip  7 

June  17-20 

Trip  8 

July  27-August  1 

Trip  9 

August  26-28 

Trip  10 

October  1-3 

Trip  1 
Trip  2 
Trip  3 
Trip  4 


Table  1-5.  Parameters  to  be  Analyzed  on  Selected  Stations,  Middle  Black  Warrior  and  Tombigbee  Rivers 
July  1978  to  October  1979. 


Table  1-6. 


r 


Analytical  Schedule  for  the  Middle  Black  Warrior  and 
Tombigbee  Rivers,  July  1978  through  October  1979. 


PARAMETER 


Water  Sampling 

A.  IN-SITU 
Temperature 
Dissolved  Oxygen 
pH 

Specific  Conductance 
Oxidation  Reduction 
Potential 

B.  PHYSICAL-CHEMICAL 
Transparency 

%  Light  Transmission 
Turbidity 

Residue,  Non-filterable 
Residue,  Filterable 
Nitrate  ♦  Nitrate 
Anmonia 

Tbtal  Kjeldahl  Nitrogen 
Nitrogen,  Total 
Organic  (Calc. ) 
Nitrogen,  Total 
Inorganic  (Calc.) 
Nitrogen,  Total  (Calc.) 
Phosphorus,  Total 
Orthophosphate,  Dissolved 
Alkalinity  (pH  4.5) 

Free  CO,  (Calc.) 

Carbon,  Total  Organic 
Carbon,  Dissolved  Organic 
Color,  True 
Iron,  Total 
Iron,  Dissolved 
Manganese,  Total 
Manganese,  Dissolved 
Sulfate,  Dissolved 
Sulfide,  Total 
Calcium, Total 
Magnesium,  Total 
Hardness  (Calc.) 

Sodium,  Total 
Chloride,  Total 
Potassium,  Total 
Zinc,  Total 


*  See  Table  1-4  for  trip  dates 
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Table  1-6.  Analyticol  Schedule  for  the  Middle  Black  V'arrior  and 

Tonbigbee  Rivers,  July  1973  thru  October  1979  (Coiiti.'.Uv.u) 


♦ 

f-l  CJ 


C.  BACTERIOLOGICAL 

Fecal  Coliform  (F.C.) 
Fecal  Streptococci  (F.S.) 
F.C./F.S.  Ratio 

SEDIMENT  SAMPLING 

A.  GRAIN  SIZE 

B.  PHYSICAL-CHEMICAL 
Volatile  Solids 
Carbon,  Total  Organic 
TKN 

Oil  and  Grease 
Phosphorus,  Total 

C.  HEAVY  METALS 
Copper,  Total 
Iron,  Total 
Lead,  Total 
Manganese,  Total 
Mercury,  Total 
Cadmium,  Total 
Nickel,  Total 
Zinc,  Total 
Arsenic,  Total 
Chromium,  Total 

0.  CHLORINATED  HYDROCARBONS 
BHC,  Alpha 

BHC,  Gamma  (Lindane) 

BHC,  Beta 

Heptachlor 

Aldrin 

Pentachlorophenol 

DDD 

DDE 

DDT 

Mi  rex 

Methoxychlor 

Chlordane 

Toxaphene 

PCB  (1242,  1254,  1260) 
Dieldrin 


Ta.Mc  1-6.  Analytical  Schedule  for  the  Middle  Black  Warrior  and 

Tombigbae  Rivers,  July  1973  thru  October  1970  (Continued) 


* 


PARAML 1 LR 


III.  BIOLOGICAL  SAMPLING 
Phytoplankton 
Zooplankton 
Macrophytes 
Macroinvertebrates 

PONAR 

Multiple  Plate  Samples 
Algal  Growth  Potential  Test 
Adenosine  Triphosphate 
Chlorophyll  c 

IV.  MOLLUSK  TISSUE  ANALYSES** 
Arsenic,  Total 
Cadmium,  Total 
Chromium,  Total 
Lead,  Total 
Mercury,  Total 
Selenium,  Total 
Zinc,  Total 
Aldrin 
Oieldrin 
Chlordane 
Heptachlor 
BHC,  Alpha 
BHC,  Gamma  (Lindane) 

BHC,  Beta 

PCB  (1242,  1254,  1260) 

Toxaphene 

Pentachlorophenol 

ODD 

DDE 

DDT 

Mi  rex 

Methoxychlor 


*  See  Table  1-4  for  tr 

*  Organism  collection 
were  recovered  and  r 


■ip  dates 

attempts  only;  no  mollusks  {Corbioula) 
10  analyses  were  performed. 
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SECTION  2 


METHODS 


A  detailed  discussion  of  field  sampling  methods,  equipment, 
shipping  and  storage  methods,  and  analytical  and  biological  procedures 
was  prepared  and  submitted  to  the  U.S.  Am\y  Corps  of  Engineers, 

Mobile  District.  The  manual  was  prepared  prior  to  the  iniation  of  sampl¬ 
ing  to  document  all  procedures.  Table  2-1  summarizes  that  manual, 
tabulates  and  Includes  parameter  abbreviations.  Environmental  Protec¬ 
tion  Agency  (EPA)  parameter  STORET  codes,  analytical  detection 
limits,  units  of  measurement,  methods  of  analysis,  procedure  reference, 
sample  container  and  preservations  and  sample  holding  times.  The 
parameters  evaluated  during  this  study  are  listed  in  the  left  column. 

Quality  assurance  measures  used  throughout  this  study  are  based 
upon  recommendations  given  in  EPA's  "Handbook  for  Analytical  Quality 
Control  in  Water  and  Wastewater  Laboratories,"  (197^  and  recommendations 
from  the  Corps  of  Engineers  Waterways  Experiment  Station.  Data 
generation,  transfer,  and  reporting  procedures  for  this  entire  study 
aro  as  follows:  data  collected  in  the  field  were  logged  into  a  bound 
field  notebook;  after  field  data  are  transferred  to  printed  data 
sheets,  the  field  notebook  for  that  particular  sampling  period  is 
put  on  file  at  Harmon  Engineering  &  Testing;  data  generated  in  the 
laboratory  are  transferred  from  the  bound  bench  notebook  assigned  to 
each  technician  to  printed  data  sheets  for  report  purposes;  data  are 
transferred  to  a  STORET  worksheet  for  computer  card  keypunch;  and 
after  keypunching,  the  data  is  entered  into  STORET  by  the  COE. 

2.1  PHYSICAL-CHEMICAL 

2.1.1  Water 

2. 1.1.1  Sampling 

As  shown  in  Tables  1-5  and  1-6,  a  wide  range  of  parameters  were 
measured  and  analyzed  during  this  study.  In-situ  measurements  were 
performed  at  each  main  river  station  during  each  trip.  Further 
in-situ  measurements  were  made  at  the  tributary  and  discharge  stations. 
Water  samples  were  collected  at  main  river  stations  for  physical- 
chemical  analyses  (see  Table  1-6)  and  at  tributary  and  discharge 
stations  for  turbidity.  Further  details  of  sampling  procedures  are 
given  below. 

Main  River  Stations 


To  correlate  with  physical -chemical  data  collection  locations  at 
main  river  stations  R-1  through  R-23,  in-situ  parameters  (see  Table 
1-6)  were  measured  using  a  Hydrolab  6000D  "Surveyor."  In-situ  measure¬ 
ments  were  taken  at  midstream  five  feet  below  the  water  surface  or 
at  mid-depth  where  the  river  was  less  than  ten  feet  deep.  Further 
physical  measurements  made  in-situ  were  transparency  (Secchi  depth) 
and  light  transmission.  The  latter  measurement  was  used  to  determine 
the  euphotic  zone,  defined  as  the  water  column  above  the  depth  of 
99%  light  extinction. 
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TABLE  2-1.  Continued 


General  Notes: 

1.  The  analytical  methods  employed  during  this  study  have  been  briefly 
shown  on  this  table.  The  abbreviation  refers  to  data  sheets  in  the 
Appendices.  The  detection  limits  are  those  set  by  the  Corps.  The 
"Analytical  Method"  is  a  synopsis;  the  reference  refers  to  source 
and  page  or  method  number. 

2.  Welch,  1948. 

"Container/Preservative"  codes: 

P  indicates  a  plastic  container 

G  indicates  glass  only 

P/G  indicates  either  type  may  be  used 

'i.  Holding  times  are  those  recommended  by  the  Corps  or  EPA  in 
Reference  3  below. 

S.  N/A  =  Not  applicable 


References: 


1.  Hydrolab  Operators  Manual.  1978. 

2.  Standard  Methods  for  the  Examination  of  Waters  and  Wastewaters, 

14th  Edition,  1976. 

3.  Methods  for  Chemical  Analysis  of  Water  and  Waste,  EPA  625/6-74-003, 
1974. 


4.  "Ecological  Evaluation  of  Proposed  Discharge  of  Dredge  or  Fill  Material 
into  Navigable  Water,"  Dredged  Material  Program  Miscellaneous  Paper 
0-76-17,  U.  S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg, 
Mississippi,  May,  1976. 


5. 


6. 


7. 


8. 


9. 


U  S  Environmental  Protection  Agency.  1978.  The  Selenastrwv 
capriaomutim  Printz  Algal  Assay  Bottle  Test.  Corvallis,  Oregon. 

"Analysis  of  Pesticide  Residues  in  Human  and  Environmental  Samples," 
Health  Effects  Research  Laboratory,  U.  S.  Environmental  Protection 
Agency,  Research  Triangle  Park,  North  Carolina,  December,  1976. 

"Method  for  Organochlorine  Pesticides  in  Industrial  Effluents, 

U.  S.  Environmental  Protection  Agency,  Environmental  ^^n1tor1ng  and 
Support  Laboratory,  Cincinnati,  Ohio,  43268,  1973a. 

"Method  for  Polychlorinated  Biphenyls  (PCB's)  in  Industrial  Effluents, 
U.  S.  Environmental  Protection  Agency,  Environmental  Monitoring  and 
Support  Laboratory,  Cincinnati,  Ohio,  43268,  1973b. 

"Methods  Which  Detect  Multiple  Residues,"  HEW/FDA  Pesticide  Analytical 
Manual,  Vol.  1,  FDA  Office  of  Associate  Commission  for  Compliance, 
Rockville,  Maryland. 


10. 


"Sampling  and  Analysis  Procedures  for  Screening  of  Fish  for  Priority 
Pollutants."  U.  S.  Environmental  Protection  Agency,  Environmental 
Monitoring  and  Support  Laboratory,  Cincinnati,  Ohio,  August,  19//. 


11,  Operator's  Manual  for  Montedoro-Whitney  transmissometer . 
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Water  samples  were  collected  at  main  river  stations  for  laboratory 
analysis  of  the  physical -chemical  parameters  listed  in  Table  1-6.  Samples 
were  collected  five  feet  below  the  water  surface  or  at  mid-depth  where 
the  river  was  less  than  ten  feet  deep.  A  one-liter  acrylic  horizontal 
water  sampler  was  used  to  collect  the  water  from  the  desired  depth. 

In  addition  to  the  above  data  collection,  in-situ  measurements 
(via  the  Hydrolab)  were  taken  to  define  any  vertical  physical -chemical 
stratification  at  the  mid-stream  point.  Each  month,  beginning  with 
Trip  3,  a  comparison  was  made  between  in-situ  measurements  at  one  foot 
below  the  surface  and  at  three  feet  above  the  river  bottom.  If  the 
field  personnel  observed  an  apparently  significant  variation  in  any 
of  the  in-situ  parameters,  an  additional  water  sample  for  physical- 
chemical  analysis  was  then  drawn  from  three  feet  above  the  river  bottom 
using  a  vacuum  pump.  (To  preserve  any  anaerobic  qualities,  the  sample 
was  drawn  into  a  nitrogen  purged  flask  and  was  then  carefully  poured 
into  a  sample  bottle  and  tightly  capped.)  When  no  apparently  signifi¬ 
cant  vertical  stratification  was  observed,  the  lower  depth  was  measured 
only  for  in-situ  parameters. 

Further  observations  on  mixing  and  stratification  v'ere  made  three  times 
during  the  study:  October  1978,  February  1979  and  August  1979.  During  these 
months,  in-situ  parameters  were  measured  at  the  one  foot  and  near-bottom 
depths  at  three  ooints  along  a  horizontal  transect.  These  points  were  chosen 
to  include  the  littoral  zone  of  each  shore  and  the  deepest  point  of  the  main 
river  channel. 

Cross  Section  Stations 

At  stations  R-8  and  R-22  tho  in-situ  parameters  were  measured  in 
a  vertical  profile  at  three  or  four  points  across  the  width  of  stream. 

This  profile  was  either  a  top  and  bottom  comparison  or,  if  the  compari¬ 
son  showed  apparently  significant  stratification,  the  profile  was 
completed  to  be  a  continuous  record. 

Below  a  Lock 


Station  R-11,  located  in  the  tailrace  of  Warrior  Lock,  was  moni¬ 
tored  for  in-situ  parameters  before  and  after  operation  (dewatering) 
of  the  lock.  These  measurements  were  made  at  five  feet  or  at  mid-depth 
if  the  depth  was  less  than  ten  feet.  Additionally,  a  125  ml  sample 
was  collected  at  the  same  depth  before  and  after  dewatering  and  analyzed 
in  the  laboratory  for  turbidity. 

Tributary  and  Discharge  Stations 

Tributary  stations  T-1  through  T-11  and  Discharge  stations  D-1 
through  D-6  were  also  measured  for  in-situ  (Hydrolab)  parameters  and 
turbidity  at  five  feet  or  mid-depth  where  the  depth  was  less  than 
ten  (10)  feet.  Measurements  and  samples  were  taken  in  the  mouths 
of  tributaries,  as  far  upstream  as  necessary  to  el  iminate  the  major  influences 
of  the  river  proper.  Discharge  samples  were  taken  at  the  point  where 
the  discharge  entered  the  river  or  the  nearest  accessible  and  affected 
point  below  the  discharge. 

2. 1.1.2  Analyses 

Analytical  methodology  for  physical-chemical  parameters  are 
presented  in  Table  2-1.  During  the  course  of  this  study,  it  was 
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necessary  to  alter  some  of  the  procedures  as  they  were  specified  in 
the  contract  at  the  initiation  of  the  project.  The  changes,  as  a  whole, 
are  minor  and  are  tabulated  in  Table  2-2.  Slight  method  adjustments 
were  made  (sample  volumes,  pretreatment  for  interferences,  etc.)  in 
the  analytical  laboratory  with  increasing  familiarity  with  the  sample 
types.  Where  these  adjustments  were  included  in  the  analytical  method¬ 
ology  as  an  adjunct  to  published  methods,  they  do  not  appear  in  Table 
2-2. 

2. 1.1.3  Quality  Control 

Laboratory  analyses  were  monitored  using  a  system  of  duplicate 
sample  analyses,  spiked  sample  analyses  and  analyses  of  "blind"  check 
samples.  The  duplicate  and  spiked  analyses  were  statistically 
evaluated  for  precision  and  accuracy  by  the  Shewhart  method  (U.S.  EPA, 
1979). 


Each  duplicate  and  spiked  analysis  was  performed  by  two  methods  — 
field  splits  and  spikes  and  laboratory  splits  and  spikes.  One  sample 
was  duplicated  for  each  sampling  day.  Field  duplicates  were  obtained 
by  splitting  the  grab  sample  into  two  containers  which  were  plainly 
labeled.  Each  field  duplicate  sample  was  analyzed  for  each  required 
parameter  and  the  results  were  averaged  for  reporting.  50%  of  the 
duplicate  samples  for  heavy  metals  analyses  were  spiked  with  known 
quantities  of  metals.  Laboratory  duplicates  were  performed  at  random 
by  the  analyst  for  various  parameters.  These  extra  duplicate  analyses 
served  as  an  independent  check  of  the  method  and  the  analyst.  Laboratory 
spiked  samples  were  routinely  analyzed  by  the  known  addition  method  for 
each  applicable  parameter  (see  Appendix  B  for  the  parameters  analyzed 
in  this  program). 

Shewhart  precision  and  accuracy  charts  were  used  to  evaluate  the 
validity  of  results  obtained  as  described  in  EPA's  "Handbook  for 
Analytical  Quality  Control  in  Water  and  Wastewater  Laboratories," 

(1972).  These  charts  were  maintained  using  results  of  duplicate  and  spike 
analyses.  The  quality  control  data  was  routinely  consulted  and  checked 
by  the  analyst  and  the  quality  control  co-ordinator.  If  any  results 
w«=»'e  judged  to  be  "out  of  control"  according  to  the  Shewhart  charts, 
the  analyses  were  repeated.  If  repetition  was  not  possible,  the 
results  were  not  reported. 

Calibration  curves  were  calculated  using  a  least-squares  linear, 
regression  to  calculate  the  best-fit  line  for  standards.  Standards 
were  prepared  daily  and  run  with  each  set  of  analyses. 

2.1.2  Sediment 

2. 1.2.1  Sampling 

Sediment  samples  for  physical-chemical  analysis  were  collected  at 
each  main  river  station  twice  during  the  study  (Table  1-6).  An  epoxy- 
coated  9"  X  9"  Ponar  dredge  was  used  to  collect  one  sediment  sample 
from  each  of  four  equally  spaced  points  across  the  river.  This  transect 
began  and  ended  near  each  bank.  The  four  samples  were  composited  by 
mixing  them  in  a  large  glass-lined  box.  After  thorough  mixing  by 
stirring,  aliquots  for  analysis  were  taken  from  the  composite.  The 
aliquots  were  preserved  and  stored  according  to  methods  given  in 
Table  2-1.  „  , 


2-2.  Procedural  changes  in  physical -chemical  methods  for  Middle  BlacK  Warrior  and 
Tombigbee  Rivers,  July  1978  through  October  1979. 


did  not. 


2. 1.2.2  Analysis 

Methods  of  sediment  analysis  for  heavy  metals  and  chlorinated 
hydrocarbons  are  given  in  Table  2-1.  Final  extract  analysis  for 
chlorinated  hydrocarbons  was  made  using  a  Varian  gas  chromatograph 
equiooed  with  an  electron  capture  detector. 

The  analytical  procedure  for  oil  and  grease  in  sediment  was 
initially  a  separatory  funnel  extraction  utilizing  Freon,  with  a 
gravimetric  determination  of  the  oil  and  grease  thus  extracted.  This 
method  proved  to  be  impractical,  due  to  formation  of  an  extremely 
heavy  emulsion,  in  v/hich  the  two  phases  (sediment  and  Freon)  were 
indistinguishable. 

The  alternative  method,  which  was  used  for  all  sediment  samples, 
involved  a  Soxhlet  extraction  using  Freon  in  a  continuous  four-hour 
extraction  process.  This  method  also  employs  a  gravimetric  finish 
to  determine  the  quantity  of  oil  and  grease  extracted  into  the  Freon. 
This  method  is  a  standard  method  frequently  used  for  extraction  of 
hydrocarbons  from  solid  materials.  Oil  and  grease  recovery  was  ob¬ 
tained  with  a  wet  sample  weight  of  50  grams. 

2. 1.2.3  Quality  Control 

Duplicate  and  spiked  duplicate  sediment  samples  were  analyzed 
for  heavy  metals,  chlorinated  hydrocarbons  and  for  the  physical- 
chemical  parameters  listed  in  Table  2-1.  Duplicate  samples  were 
prepared  in  the  laboratory  by  withdrawing  two  aliquots  from  the  well- 
mixed  composite  samples.  One  station  was  duplicated  each  sampling 
day. 


Sediment  samples  were  spiked  in  the  laboratory  for  each  appli¬ 
cable  parameter  for  each  sampling  day.  To  spike  these  samples,  the 
known  addition  solution  was  added  to  an  aliquot  prior  to  ultrasonic 
treatment.  The  ultrasonic  vibrations  caused  a  thorough  mixing.  The 
intent  was  to  expose  the  spike  to  the  sample  and  check  for  loss  into 
media. 

The  results  of  duplicate  and  spike  analyses  were  subjected  to 
the  Shewhart  procedure  as  given  in  Section  2.1.1. 

2.1.3  Mollusk 


2. 1.3.1  Sampling 

Numerous  attempts  were  made  to  collect  Corbicula  of  an  age  suf¬ 
ficient  to  analyze  (>  2  years).  No  collection  effort  yielded  enough 
Covbiaula  at  any  given  location  to  justify  analysis  and  this  segment 
was  eliminated  from  the  study. 

2.2  BIOLOGICAL 

2.2.1  Bacteriological 

Bacteriological  analyses  were  conducted  at  main  river  stations 
and  at  specified  bacteriological  stations  (Tables  1-5  and  1-6  and 
Figures  1-2  and  1-3)  during  the  June  through  September  sampling  periods. 
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These  analyses  consisted  of  surface  water  collections,  nrembrane  filr 
tration,  incubation  and  counting  for  total  fecal  col i form  bacteria 
and  total  fecal  streptococcus  bacteria  performed  as  described  below. 

A  ratio  of  fecal  coliform  to  fecal  streptococci  was  calculated  for 
each  station.  All  equipment  used  to  handle  and  prepare  samples  was 
sterilized  by  autoclaving  at  15  psi  for  20  minutes  prior  to  each 
sampling  trip  and  maintained  in  closed  containers,  and  sterile  foil 
wrappers. 

2.2. 1.1  Sample  Collection  and  Preparation 

Bacteriological  water  samples  were  collected  by  submersing  a 
presterilized,  plastic,  two-quart  milk  container  to  the  depth  of  one 
foot  and  allowing, it  to  fill  to  approximately  one  liter.  Four  ali¬ 
quots  (two  10  ml  and  two  100  ml)  were  immediately  vacuum  filtered 
through  sterile  Millipore  0.45  pm  gridded  membrane  filter  pads.  Each 
pad  was  then  washed  in  three-20  ml  portions  of  sterile,  distilled 
water.  Occasionally,  due  to  siltation  or  expected  high  bacteria 
posulations,  5  and  50  ml  aliquots  were  filtered.  After  each  filtra¬ 
tion,  the  filter  pad  was  placed  on  the  appropriate  media  in  prepared 
plastic  petri  plates.  These  plates  were  then  held  in  ice  chests  at 
approximately  4^0  for  no  longer  than  eight  (8)  hours  before  incubation 
began. 

2. 2. 1.2  Media  and  Incubation 


Total  fecal  col i forms  were  cultured  on  M-FC  broth  with  1:100 
percent  rosalic  acid  added  (APHA,  1975).  Fecal  streptococci  were 
cultured  on  KF  streptococcus  agar  absorbed  onto  48  mm  diameter  ster¬ 
ile  filter  paper  pads  (APHA,  1975). 

Both  types  of  samples  were  incubated  in  Mi  Hi  pore-brand  aluminum 
block  heat-sink  type  portable  incubators  capable  of  holding  tempera¬ 
tures  to  +  0.2CC.  Fecal  coliforms  were  incubated  at  44.5^0  +  0.2^0 
for  twenty-four  (24)  hours  and  fecal  streptococci  were  incubated  at 
35^C  +  0.2OC  for  fo»"ty-eight  (48)  hours. 

2. 2. 1.3  Counting  and  Calculations 

After  the  appropriate  incubation  time,  the  plates  were  removed, 
visually  inspected  and  the  colonies  counted.  Fecal  coliforms  were 
defined  on  the  M-FC  rosalic  acid  media  as  blue  greenish  metallic 
appearing  colonies.  The  fecal  streptococci  colonies  cultured  on  the 
KF  agar  were  reddish  pink.  All  the  observable  colonies  on  each  plate 
were  counted  and  recorded.  The  number  of  colonies  per  100  ml  was 
then  calculated  for  each  bacterial  type  by  taking  the  count  form  the 
pad  that  was  within  the  proper  range,  as  given  in  Standard  Methods, 

14th  edition  (page  943). 

2. 2. 1.4  Quality  Control 

The  bacteriological  analysis  was  quality  control  (QC)  monitored  by 
the  routine  use  of  duplicates  for  at  least  10%  of  the  inoculations. 
Duplication  involved  splitting  a  water  sample  and  performing  two  (2) 
separate  analyses.  The  results  of  the  two  (2)  acceptable  duplicate 
samples  were  averaged  for  the  reported  result.  An  acceptable  duplicate 


was  taken  to  be  ^  10%  variation  between  the  counted  colonies.  If 
this  level  of  variation  had  ever  been  exceeded,  and  if  physical 
differences  in  the  plates  Ce.g.  filter  pad  not  contacting  media  in 
one  plate)  could  not  be  seen,  the  results  for  the  station  would  have 
been  discarded. 

2.2.2  Phytoplankton 

2. 2. 2.1  Collection  and  Preservati on 


The  collection  of  phytoplankton  samples  for  identification  and 
enumeration  was  performed  at  each  main  river  station  (Table  1-1  and 
Figures  1-2  and  1-3)  during  each  sampling  trip.  A  composite  sample 
was  prepared  by  mixing  one  liter  grabs  obtained  with  a  PVC  alpha- 
type  horizontal  sampler  at  one  meter  intervals  throughout  the  euphotic 
zone  (Table  2-1).  The  depth  of  the  euphotic  zone  was  determined  by 
measurement  of  the  1%  light  transmission  depth  with  a  submersible 
Montedero- Whitney  photometer  (see  Section  2.1.1).  A  one  liter  aliquot 
of  the  well -mixed  composite  was  then  poured  into  a  two  quart  jug  and 
enough  sodium  tetraborate  neutralized  formaldehyde  added  to  produce  a 
5%  formalin  preservation. 

2. 2. 2. 2  Counting  and  Calculations 

Upon  return  to  the  laboratory,  the  samples  were  counted  by  the 
inverted  microscope  procedure  of  Utermohl  (1958),  with  the  exception 
of  counting  duration.  Each  sample  was  mixed  by  gentle  inversion  of 
the  container  at  least  40  times  and  an  aliquot  poured  into  50  ml 
combination  tube-base  plate  settling  chambers  using  an  Utermohl  cup. 

The  actual  size  of  the  aliquot  used  varied  due  to  siltation  or  algal 
density  in  the  sample,  but  was  normally  10,  25  or  50  ml. 

An  ideal  sample  was  considered  to  have  non-clumped,  random  dis¬ 
tribution  with  the  settled  material  only  one  layer  (5-lOmJ  thick. 

Early  in  the  study,  the  ability  of  the  equipment  to  produce  random 
distribution  was  checked  statistically  using  the  chi-square  method 
(Lund,  et.  al.,  1958)  and  was  found  to  be  reliable  (25  counts  in  5 
sets  of  5  counts  tested,  Poisson's  Law,  p=0.05).  Thus,  according  to 
the  authors,  a  single  count  is  sufficient  to  produce  reliable  estimates 
of  phytoplankton  numbers.  Thus,  after  pouring,  each  tube  was  allowed 
to  settle  at  least  eighteen  (18)  hours  and  then  used  for  algal  identi¬ 
fication  and  enumeration. 

Phytoplankton  counts  were  made  using  a  Wild-Heerburg  M40  inverted 
biological  microscope  equipped  with  4X,  lOX,  43X  and  lOOX  planachroma- 
tic  Floutar  objectives  and  lOX  wide  field  compensating  eye-pieces 
fitted  with  a  European  style  12x12  3  id  (41,616  ym^  at  430X).  The 
settling  chambers  were  examined  in  horizontal  strips  along  randomly 
spaced  vertical  axes  at  430X.  The  identification  and  enumeration  of 
phytoplankton  along  these  strips  was  continued  until  300  plants  had 
been  observed.  For  colonial,  coenobic  or  filamentous  forms,  cell 
counts  (or  estimates)  were  made  for  each  plant.  Algae  were  consistently 
identified  to  genus  and  routine  identification  to  species  was  made  where 
feasible.  The  two  dominant  algae  (by  cell  density)  were  always  identi¬ 
fied  or  ralated  to  species.  Characterless  or  otherwise  unidentifiable 
volvocine  and  coccoid  green  algae  were  lumped  together  as  "unknown 
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chlorophytes";  obscured,  minute  or  otherwise  unidentifiable 
Pennales  were  lumped  together  as  "other  pennate  diatoms". 

Calculation  of  the  reporting  value  was  made  by  the  following 
formula: 

cells/liter  =  N  x  ^  x 

where: 

N  =  number  of  cells  observed  while  counting 
TA  =  total  area  of  cahmber  (500  mm^) 

AE  =  area  examined  (mm^) 

AV  =  aliquot  volume  (ml) 

The  summarized  values  for  major  divisions  and  classes  were  then 
entered  on  the  EPA  STORE!  system. 

References  used  for  identification  of  phytoplankton  were  Cocke 
(1967),  Drouet  and  Daily  (1956),  Drouet  (1968,  1973,  and  1978),  Patrick 
and  Reimer  (1966  and  1975),  Prescott  (1978),  Prescott,  Croasdale  and 
Vinyard  (1972,  1975,  and  1977),  Smith  (1920,  1921  and  1950),  Vinyard 
(1974),  Weber  (1966)  and  Whitford  and  Schumacher  (1973). 

2. 2. 2. 3  Quality  Control 

Phytoplankton  identifications  and  enumerations  wer  QC  monitored 
by  two  (2)  methods.  Split  sample  aliquots  were  sent  to  the  COE  for 
outside  expert  verification.  In-house  split  sample  aliquots  were 
occasionally  analyzed  to  determine  consistency  of  the  sample  handling 
and  analysis  procedures.  When  a  new  phycologist  was  added  (may  1979), 
all  aspects  of  the  procedure  including  sample  preparation,  identific¬ 
ations,  counting  method  and  calculations  were  compared  on  a  one-to-one 
duplication  basis  until  uniform  results  were  achieved. 

2.2.3  Zooplankton 

2. 2. 3.1  Collection  and  Preservation 


Collections  for  zooplankton  identification  and  enumeration  were 
made  during  each  sampling  period  (Table  1-1)  at  each  main  river 
statioi  (Table  1-1  and  Figures  1-2  and  1-3).  Sampling  procedures 
used  a  metered  net  and  laboratory  analysis  was  accomplished  by  direct 
microscopical  examination  of  the  zooplankton. 

Field  collections  for  zooplankton  were  made  using  a  0.5  m  dia¬ 
meter,  80  urn  mesh  Wisconsin  style  net.  A  flow  meter  was  suspended 
at  the  upper  collar  of  this  net  and  was  held  in  place  while  lowering 
the  net  by  a  device  designed  after  that  of  Dycus  and  Wade  (1977). 

The  net  wcs  closed,  lowered  to  within  8  to  10  feet  of  the  bottom  and 
the  meter  released  by  a  messenger  weight.  The  net  was  then  vertically 
towed  to  the  surface  at  a  rate  no  greater  than  1  m/sec.  The  final 
meter  reading  was  recorded  for  calculation  of  the  volume  of  water 
passed  through  the  net.  (This  calculation  was  based  on  meter  readings 
obtained  by  towing  the  net  from  known  depths  and  thus  known  volumes 
in  a  swimming  pool.  The  net-meter  system  was  calibrated  several  times 
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during  the  study  to  correct  occluding  of  the  mesh  openings).  The 
outside  of  the  net  was  then  rinsed  to  wash  all  organisms  into  the 
collecting  bucket  from  which  they  were  transferred  to  a  plastic 
250  ml  sample  bottle.  A  few  drops  of  borax  buffered  formaldehyde 
was  added  to  produce  a  5%  formalin  solution. 

Occasionally,  net  clogging  due  to  silt  or  abundance  of  organ¬ 
isms  was  encountered.  At  these  times,  the  net  was  towed  to  the 
estimated  point  at  which  clogging  would  begin,  closed,  pulled  to 
the  surface  and  rinsed  as  described  above.  The  meter  reading  was 
recorded,  the  net  reclosed,  relowered  to  the  ending  depth  from  the 
previous  tow,  triggered  and  the  steps  repeated  until  the  column  had 
been  sampled. 

2. 2. 3. 2  Counting  and  Calculation 

Upon  return  to  the  laboratory,  samples  were  well -mixed  by  gentle 
inversion  and  poured  into  a  graduated  cylinder.  A  one  ml  aliquot  was 
removed  with  a  Henson-Stempel  pi  pet  and  carefully  injected  into  a 
Sedgwick-Rafter  counting  cell.  This  aliquot  was  allowed  to  settle 
for  a  few  minutes.  Counting  was  done  on  a  Baush-Lomb  compound  micro¬ 
scope  equipped  with  4X,  10X  and  20X  objectives  and  lOX  wi defield  eye¬ 
pieces.  Horizontal  strip  counts  were  used,  beginning  in  the  upper 
left  corner  and  proceeding  until  300  organisms  were  encountered.  If 
this  many  animals  had  not  been  observed  in  the  examination  of  five  (5) 
entire  counting  chambers,  the  procedure  was  stopped.  Identification 
of  organisms  was  routinely  made  to  genera  and  specific  epithets  were 
provided  for  the  two  dominant  genera. 

Reporting  values  were  calculated  by  the  following  formula: 

sv 

organisms/ liter  =  VE  x  N 
TV 

where: 


N  =  number  of  organisms  counted  in  chamber 
SV  =  sample  volume  measured  in  cylinder  (ml) 

VE  =  volume  examined  in  chamber  (ml) 

TV  =  total  volume  passed  through  the  net  (1) 

This  number  was  reported  as  calculated,  unless  <0.05,  in  which  case 
it  was  normally  reported  as  <1.  Group  summaries  for  each  month  were 
entered  in  the  ERA  STORET  system. 

References  used  for  the  identification  of  zooplankton  organisms 
were  Eddy  and  Hodson  (1961),  Edmondson  (1959),  Jahn  (1949),  Kudo  (1946) 
and  Pennak  (1953,  1978). 

2.2. 3. 3  Oualitv  Control 

Zooplankton  identifications  and  enumerations  were  ^C  monitored  in 
tow  (2)  ways.  Split  sample  aliquots  were  sent  to  the  COE  for  verific¬ 
ation.  In-house  split  sample  aliquots  were  occasionally  analyzed  to 
determine  consistency  of  the  sample  handling  and  analysis  procedures. 
When  a  new  biologist  was  added  for  zooplankton  analysis  (May  1979)  all 
procedures,  including  sample  preparation,  identifications,  counting 
method  and  calculations  were  compared  on  a  one-to-one  basis  until  uni¬ 
form  results  were  achieved. 


2.2.4  Macroinvertebrates 


Macroinvertebrates  were  collected  at  selected  stations  during 
each  sampling  period  by  either  Ponar  dredge  or  multiple  plate  sampling 
(Table  1-5).  The  collection  and  preservation  methods  for  the  two 
types  of  samplers  are  given  below,  followed  by  a  generalized  discussion 
of  counting  and  calculation. 

2.2.4. 1  Collection  and  Preservation 


Ponar 

Benthic  macroinvertebrate  samples  were  collected  by  the  use  of 
a  9"  X  9'  weighted  Ponar  dredge.  Three  different  dredges  were  used 
during  this  study,  each  with  slightly  different  dimensions,  thus 
providing  varying  areal  multipliers.  A  single  dredge  sample  was 
pulled  from  near  the  right  and  left  banks  and  at  midstream  of  each 
station.  These  were  individually  field  washed  through  U.S.  Standard 
No.  30  mesh  screens  and  preserved  with  enough  formalin  to  produce 
a  final  10  percent  concentration.  The  samples  were  stored  in  labeled 
plastic  containers  for  transport. 

A  final  washing  was  made  in  the  laboratory  by  using  a  concentrated 
saline  flotation  (Weber,  1973)  to  remove  the  inve  tebrates  and  detritus 
from  the  bulk  sediment.  This  material  was  represerved  in  rose  bengal 
stained  10  percent  formalin  solution  until  counted. 

Multiple  Plate  Samplers 

The  multiple  plates  used  during  this  study  were  the  modified 
Hester-Oendy  "Jumbo"  type  described  by  Weber  (1973)  cut  from  1/4" 
thick  double  tempered  Masonite.  The  final  total  area  of  the  sampler 
was  0.14  m2.  The  samplers  were  generally  suspended  to  a  depth  of 
four  feet  from  buoys  (except  Station  4  where  tree  branches  were  used) 
by  the  use  of  nylon  rope  or  steel  aircraft  cable. 

After  a  six  week  exposure  period,  the  multiple  plate  samplers 
were  retrieved  by  gently  raising  the  sampler  to  the  surface,  lower¬ 
ing  a  No.  30  mesh  bucket  under  it  and  then  lifting  the  plates  out  of 
the  water.  The  sampler  and  any  invertebrates  in  the  mesh-bottomed 
bucket  were  placed  on  ice  and  transported  to  the  laboratory  where 
they  were  further  processed  within  24  hours. 

Final  processing  involved  disassembling  the  sampler  and  gently 
scraping  the  attached  invertebrates  onto  a  No.  30  mesh  screen.  The 
samples  were  washed  clean  of  all  possible  detritus  and  rinsed  into 
plastic  containers  with  enough  rose  bengal  stained  formalin  to  make 
a  10  percent  preservation. 

2. 2. 4. 2  Counting 

For  both  dredge  and  multiple  plate  samplers,  the  procedures  for 
counting  were  identical.  The  samples  from  the  final  storage  containers 
were  rinsed  free  of  formalin,  placed  in  white  enamel  trays  and  the 
organisms  separated  from  the  detritus.  A  2X  illuminated  magnifier 
or  7X  magnification  with  a  dissecting  microscope  was  used  to  aid 
sorting.  The  sorted  organisms  from  dredge  samples  were  placed  in 
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water  and  held  at  4°C  until  weighed.  The  samples  collected  by  the 
multiple  plate  method  were  not  weighed. 

Taxonomic  separation  and  enumeration  was  performed  using  a 
Nikon  0.8X  -  4X  dissecting  microscope  and  lOX  eyepieces.  Diopters 
and  15X  eyepieces  gave  the  possibility  of  up  to  120X  total  magnifi¬ 
cation  for  aid  in  identification.  Organisms  were  usually  identified 
to  genera  unless  monospecific  or  otherwise  easily  identifiable  to 
species.  Nematodes  were  identified  only  to  class  and  Oligochaeta 
to  family.  Chironomids  were  mounted  in  Hoyer's  mounting  medium  and 
identified  with  the  compound  microscope.  Other  unwieldy  classes  were 
taken  to  the  lowest  toxan  practicable. 

References  used  in  laboratory  identification  were  Beck  (1976), 
Brinkhurst  (1971),  Brown  (1976),  Ferris,  Ferris  and  Tjepkema  (1973), 
Mason  (1973),  Merritt  and  Cummins  (1978),  Needham  and  Westfall  (1954), 
Parrish  (1975),  Roback  (’97G,  1977,  1978),  Usinger  (1956)  and 
Edmundson  (1959) 

2. 2. 4. 3  Biomass 


The  organisms  from  the  dredge  samples  were  blotted  dry  and  weighed 
to  the  nearest  0.1  mg.  Corhiaula  greater  than  0.5  cm  valvar  height  in 
these  samples  were  not  all  weighed,  but  rather  an  average  wet  weight  of 
the  meat  was  applied  by  0.5  cm  diameter  classes.  The  average  weights 
for  these  classes  were  0.5  -  1.0  cm,  4.1  mg;  1.0  -  1.5  cm,  95  mg; 

1.5  -  2.0  cm  (none  collected),  2.0  -  2.5  cm,  557  mg;  2.5  -  3.0  cm, 

1.3  g;  3.0  -  3.5  cm,  2.2  g;  2.5  -  4.0  cm,  2.7  g;  4.0  -  4.5  cm,  3.4  g; 

4.5  -  5.0  cm  and  5.1  g. 

2. 2. 4. 4  Calculations  and  Indices 


For  each  Ponar  and  multiple  plate  sample,  the  number  of  organisms 
per  square  meter  was  calculated  by  simply  applying  the  appropriate 
multiplier  to  produce  the  number  on  a  total  square  meter.  For  example, 
the  multiple  plate  samples  were  0.14  m^,  the  multipler  is  7.1.  As 
previously  stated,  three  different  Ponar  dredges  were  used,  but  the 
individual  multipliers  were  obtained  in  the  same  manner. 

Daca  evaluation  for  Ponar  samples  included  the  calculation  of  a 
diversity  index  for  each  station.  The  machine  formula  of  Lloyd,  Zar 
and  Karr  (1968)  was  used  to  provide  the  Shannon-Weaver  diversity  (d) 
measured  as  follows: 

d  =  C/N  (N  logio  N  -  in.  logjo  n^.) 


where : 


C  =  3.321928 

N  =  total  number  of  individuals 
*^1  =  total  number  of  individuals  in  the  i^^  taxa 

Evenness,  an  index  of  distribution  of  the  numbers  among  the 
species, was  calculated  by  the  following  formula  (Weber,  1973): 

d 

In  N 
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These  two  indices  were  calculated  from  totals  for  each  station, 
i.e.,  summations  of  taxa  and  numbers  from  right  bank,  mid-channel  and 
left  bank. 

The  summary  data  from  Ponar  collections  was  entered  into  the  EPA 
STORET  system. 


2. 2. 4. 5  Quality  Control 

Macroinvertebrate  identifications  and  enumerations  were  QC 
monitored  by  a  system  of  cross-checks  and  repeat  counts  among  the 
participating  biologists,  within  each  set  of  samples  a  few  would  be 
recounted  and  identifications  compared  for  ag^'eement.  Disagreement 
was  resolved  and  a  further  sample  checked  with  agreement  was  reached. 
The  separation  step  was  monitored  by  checking  the  material  remaining 
after  each  flotation  for  obvious  organisms.  To  insure  the  validity 
of  the  taxonomy  used,  representative  organisms  were  sent  to  the 
COE. 


2.2.5  Aquatic  Macrophytes 

Macrophytic  vegetation  includes  nonvascular  and  vascular  plants 
associated  with  the  impoundment  substrate  or  shoreline.  General 
categories  for  macrophytes  include  those  plants  that  are  free-floating 
or  are  attached  by  roots  and  are  either  completely  underwater  (sub¬ 
merged)  or  partially  above  water  (emergent). 

Observations  of  macrophytes  were  performed  during  two  trips 
(Table  1-6).  The  primary  method  of  detection  was  by  direct  examin¬ 
ation  of  shorelines,  embayments,  creeks  and  sloughs  and  the  shallower 
areas  of  the  reservoir  proper.  The  investigator  made  field  notes  and 
collections  indicating  species,  areas  of  growth  and  location.  For 
various  species,  a  permanent  botanical  record  was  made  by  herbarium- 
type  mounting  of  plants. 

Reporting  y/as  done  by  compilations  of  species  lists  fo''  che 
reservoir,  distribution  and  abundance  naps  giving  locations  ard 
approximate  areal  extent  for  the  dominant  plants. 

References  used  for  identificaion  of  the  plants  seen  and 
collected  were  Radford,  Ahles  and  Bell  (1968)  and  Small  (1933). 

2.2.6  Other  Parameters 


2.2.6. 1  Algal  Growth  Potential  (AGP)  Test 
Sampling 

Water  samples  were  collected  for  AGP  tests  from  selected  main 
river  stations  (see  Table  1-5)  during  three  sampling  trips  (see 
Table  1-6).  The  sample  was  obtained  by  compositing  individual  grabs 
taken  at  one  meter  intervals  throughout  the  euphotic  zone  (see 
Section  2.1.1).  Several  liters  of  the  well -mixed  composite  were 
transferred  to  autoclavable  Nalgene  bottles  and  transported  on  ice 
in  sealed  :e  chests. 
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Analysis 

Upon  receipt  at  the  laboratory,  a  portion  of  each  Iced  sample 
was  removed  and  set  aside  for  chemical  analyses.  The  remainder  was 
autoclaved  at  15  psi  and  121°C  for  30  minutes.  After  autoclaving, 
the  sample  was  filtered  using  sterile  techniques.  The  filtered 
watf:r  was  aerated  with  sterile  (0.45  urn  filtered)  air  to  restore 
lost  CO2  balance.  Chemical  analyses  were  performed  on  the  previously 
set  aside  sample  and  the  autoclaved,  aerated  sample  for  the  following 
parameters:  total  Kjeldahl  nitrogen,  nitrate  and  nitrite,  ammonia, 
total  phosphorus,  dissolved  orthophospate,  conductivity  and  pH  using 
the  procedures  described  in  Section  2.1.1.  The  water  remaining  from 
the  autoclave  treatment  was  used  for  AGP  test. 

AGP  Test  Procedure 


Methodologies  used  for  setting  up  and  performing  the  AGP  test 
were  taken  from  the  USEPA  publications  Algal  Assay  Procedures:  Bottle 
Test  (1971)  and  The  Selenastrum  Printz  Algal  Assay 

Bottle  Test  (1978)  and  was  primarily  designed  after  procedures  in 
the  1971  report.  These  documents  should  be  consulted  for  amplifica¬ 
tion  of  details  of  this  procedure  such  as  glassware  preparation. 


Each  of  the  water  samples  for  each  station  was  used  to  prepare 
eight  test  flasks  in  triplicate,  which  received  the  following  nutrient 
"spikes" : 


In  25  ml  of  sample  water,  in  a  125  ml  Erlenmeyer  flask. 


Test  I 
Test  II 
Test  III  - 
Test  IV  - 
Test  V 
Test  VI 
Test  VII  - 
Test  VIII  - 


Lake  water  sample 

Lake  water  sample  +  0.05  mg  P/1  as  K2POU 
Lake  water  +  1.00  mg  N/1  as  NaN03 
Lake  water  +  0.05  mg  P/1  +1.00  mg  N/1 
Lake  water  +  1.00  mg  N02EDTA/I 

Lake  water  +  0.05  mg  P/1  +  1.00  mg  Na2EDTA/l 

Lake  water  +  1.00  mg  P/1  +  l.CO  mg  Na2EDTA/l 

Lake  water  +  0.05  mg  P/1  +  1.00  mg  N/1  + 

1.00  mg  Na2EDTA/l 


The  nutrient  spikes  were  introduced  by  0.25  ml  injections  of  ap¬ 
propriately  concentrated  stock  media  to  the  25  ml  of  sample  water, 
thereby  providing  negligible  volumetric  difference  between  the  flasks. 


Into  each  of  the  flasks  an  inoculum  of  approximately  5,000  cells 
of  the  test  alga  {Selenastmm  oapriaomutwn  Printz)  was  introduced  by 
sterile  pipets.  The  alga  was  obtained  from  a  laboratory  stock  culture 
maintained  from  original  material  provided  by  the  Corvallis  office, 
USEPA.  The  inoculate  culture  was  fourteen  days  old  when  it  was 
inoculated  into  the  test  flasks. 


The  flasks  were  placed  onto  a  shaker  table,  prepared  according 
to  USEPA  (1978),  in  a  10'  x  10*  controlled  environment  chamber.  The 
shaker  table  was  agitated  approximately  85  oscillations  per  minute; 
the  temperature  was  75°F  +  2°?.  Illumination  was  provided  by  a  bank 
of  cool  white  flourescent  lights  positioned  to  provide  4,400  lumens 
at  the  table  surface.  The  flasks  were  left  at  these  conditions  for 
12  days  when  a  5  ml  sample  was  drawn  off  for  standing  crop  estimation; 
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at  14  days  the  test  was  halted,  and  the  entire  sample  was  preserved 
with  the  addition  of  enough  formalin  to  make  a  5  percent  preservative 
solution.  These  preserved  samples  were  used  for  final  14  day  standing 
crop  estimation. 


Standing  Crop  Estimation 


A  standard  Neubauer  hemacytometer  was  used  to  estimate  the  number 
of  algal  cells  produced  per  milliliter  of  the  culture  media.  A  0.1  ml 
drop  was  placed  on  each  grid  of  the  hemacytometer  with  a  blood  pi  pet 
and  a  total  of  200  of  the  smallest  squares  were  counted  on  each.  If 
the  two  counts  did  not  agree  to  within  10  percent,  a  third  was  counted 
and  the  disagreeing  count  rejected. 

The  hemacytometer  count  was  converted  to  cells/milliliter  by 
the  following  formula  (adapted  from  Hauser  Scientific,  1974): 


cel  1  s/ml 


N  X  OF  X  CF 

- A - 


where: 


N  =  number  of  cells  counted 
OF  =  dilution  factor  (OF  =  1,  no  dilution) 

CF  =  correction  factor  for  volumes  (CF  =  4  x  10^ 

A  =  number  of  squares  counted  (4  x  10^) 

After  one  test,  an  attempt  was  made  to  correlate  cell  numbers  to 
weight  using  the  0.45  um  membrane  filter  technique  (USEPA,  1971). 

This  procedure  was  abandoned  after  this  single  trial  due  to  non- 
reproducible  results. 

Chlorophyll  a,  b  and  g 

Chlorophyll  samples  were  collected  at  main  river  stations  during 
each  sampling  period  (see  Figures  1-2  and  1-3  and  Table  1-1).  The 
samples  were  obtained  by  compositing  individual  grabs  taken  at  one 
meter  intervals  throughout  the  euphotic  zone  (see  Section  2.1.1). 
Triplicate  aliquots  of  300  -  1,000  ml  were  withdrawn  from  the  well- 
mixed  composite  and  filtered  through  glass  fiber  filter  pads  at 
approximately  one-half  atmosphere  (8  psi).  The  filter  pads  were 
placed  in  individually  labeled  plastic  bags  and  stored  on  ice  and, 
upon  return  to  the  laboratory,  were  stored  at  -4°C  until  analyzed. 

Chlorophyll  was  extracted  and  analyzed  by  the  spectrophotometric 
method  as  detailed  in  the  14th  edition  of  Standard  Methods  (APHA,  1975). 
Concentrations  of  the  pigments  were  determined  by  the  trichromatic 
equations  and  pheophytin  corrected  chlorophyll  a  values  (APHA,  1975). 


Adenosine  Triphosophate  (ATP) 

Samples  for  ATP  analysis  were  collected  at  each  main  river 
station  during  each  sampling  period  (see  Figures  1-2  and  1-3  and 
Table  1-1).  The  samples  wero  obtained  by  compositing  individual 
grabs  taken  at  one  meter  throughout  the  e  iphotic  zone  (see  Section 


2.1.1).  Triplicate  aliquots  were  filtered  through  glass  fiber 
filter  pads  at  approximately  one-half  atmosphere  (8  psi).  The 
ATP  was  extracted  in  the  field  and  the  extract  frozen  until  an¬ 
alyzed. 

Analytical  methodology  followed  that  of  ASTM  method  01- 
031077-16  (ASTM,  1978). 

ualisy  Control  for  Chlorophyll  and  Adenosine  Triohosohate  analyses 


These  quantitative  indicator  analyses  were  not  performed  using 
Shewhart  QC  methods.  Rather,  triplicate  analyses  were  performed  in 
each  case  and  the  results  averaged  to  give  the  final  answer.  This 
arrangement  was  satisfactory  in  that  it  aided  in  and  eliminated  the 
variability  inherent  in  the  collection  of  biological  samples.  Addi¬ 
tionally,  ATP  analyses  were  monitored  by  spiking  samples  with  known 
concentrations  of  ATP  and  checking  instrument  response.  Chlorophyll 
a  was  checked  using  EPA-supplied  knowns.  All  independent  checks 
produced  answers  indicating  reliable  analyses. 


SECTION  3 


RESULTS 


3.1  PHYSICAL-CHEMICAL 

The  results  of  physical -chemical  measurements  and  analyses  are 
presented  in  summarized  form  in  this  section.  Tabulations  of  all 
raw  data  can  be  found  in  the  Appendices. 

The  summaries  presented  in  this  section  have  been  subdivided 
in  two  ways.  The  parameters  have  been  grouped  by  related  categories, 
i.e.,  in-situ  measurements,  major  ions  and  related  parameters,  nutrients, 
heavy  metals  and  microbiological  parameters.  These  parameter  groups 
have  then  been  tabulated  by  river  sections  as  presented  in  Section  1.0 
of  this  report  (see  Tables  1-1,  1-2,  1-3  and  Figures  1-2,  1-3).  These 
two  subdivisions  allow  for  an  assessment  of  the  means  and  ranges  of 
the  parameters  between  sections  of  the  study  area  with  markedly  dif¬ 
ferent  concentrations  and  trends  of  many  investigated  parameters. 

To  adequately  distinguish  the  variation  in  water  quality  between 
the  river  basins,  a  further  subdivision  has  been  added  to  the  segments 
given  in  Section  1.  This  secondary  segmentation  considers  the  Black 
Warrior  River  above  Warrior  Lock  and  Dam  (Stations  R-1  through  R-9, 
hereinafter  referred  to  as  Warrior  Lake)  and  below  Warrior  Lock  and 
Dam  (Stations  R-10  through  R-16,  hereinafter  referred  to  as  the  Lower 
Black  Warrior  River).  The  remaining  stream  segments  are  the  Tombig- 
bae  River  (R-17  through  R-21)  and  Demopolis  Lake  (R-22  through  R-23). 

The  tributary  (T)  and  discharge  (D)  stations  are  included  in  the  ap¬ 
propriate  river  reach  for  the  tabulation  of  in-situ  parameters.  These 
four  river  section  designations  will  be  utilized  for  results  presented 
in  Section  3.1. 

3.1.1  Water 

All  physical -chemical  and  associated  water  quality  parameters 
investigated  during  this  study  are  summarized  in  this  section.  The 
following  tables  present  the  means  and  ranges  for  the  parameters. 

The  individual  means  were  calculated  from  the  total  number  of  con¬ 
centrations  for  a  station  from  all  sampling  trips.  Grand  means  for 
the  river  section  are  given  at  the  right-hand  side  of  each  table. 

3. 1.1.1  In-Si tu  and  Associated  Parameters 

Main  River  Stations 

Tables  3-1  through  3-4  show  the  means  and  ranges  for  in-situ 
and  associated  parameters  for  all  main  river  stations.  The  tributary 
and  discharge  stations  are  included  in  downstream  order  to  indicate 
any  water  quality  changes  contributed  by  these  sources,  but  do  not 
figure  in  the  grand  mean. 

Water  Temperature.  Mean  water  temperatures  were  approximately 
23-24°C  for  all  river  stations.  The  lowest  mean  temperature  was 
26.10c  at  station  R-16  (Table  3-2).  The  lowest  monthly  water 
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TABLE  3-2.  Means  and  Ranges  of  In-Si tu  and  Associated  Parameters  Measured  at  Main  River, 
Tributary  and  Discharge  Stations,  Middle  B^ack  Warrior  River  Stations  R-10  thru 
R-16,  (Lower  Black  Warrior  River)  July  1978  thru  October  1979 
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TABLE  3-3.  Means  and  Ranges  of  In-Si tu  and  Associated  Parameters  Measured  at  Main  River, 
Tributary  and  Discharge  Stations,  Middle  Tombigbee  River,  Stations  R-17  thru 
R-21,  (Tombigbee  River).  July  1978  thru  October  1979 
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temperatures  were  recorded  in  February  1979  and  ranged  from  7.5°C 
at  R-10  to  13.00c  at  R-21  (Table  A-5).  The  highest  monthly  tempera¬ 
tures  occurred  during  August  1979,  with  a  range  of  28.0OC  (recorded 
at  several  Warrior  Lake  stations)  to  34.0OC  recorded  in  the  late 
afternoon  at  station  R-14  (Table  A-9).  Temperatures  greater  than 
and  equal  to  27.0OC  were  recorded  during  August  and  September  1978 
and  June,  July  and  August  1979  (see  Appendix  A). 

Warrior  Lake  experienced  the  lowest  mean  temperature  of  the  four 
river  sections  (23.20c).  The  remaining  river  sections  were  ap¬ 
proximately  l^C  warmer  on  the  average,  with  the  lower  Black  Warrior 
River  having  the  highest  average,  24.4°C  (Tables  3-1  through  3-4). 

Euphotic  Zone  (Light  Transmittance).  The  depth  of  the  euphotic 
zone,  which  is  defined  as  the  depth  of  99%  incident  light  extinction, 
showed  extensive  variation  between  river  sections  and  between  sampling 
trips.  The  greatest  mean  euphotic  zone  was  9.0  feet  at  R-1  (Table  3-2); 
the  lowest  average  depth  of  the  euphotic  zone  was  3.7  feet  at  R-18  on 
the  Tombigbee  River  (Table  3-3).  The  lowest  monthly  light  transmit- 
tances  were  recorded  in  May  1979  (Table  A-6);  the  greatest  monthly 
values  occurred  in  October  1978  (Table  A-3).  The  single  deepest 
euphotic  zone  was  15  feet  (stations  R-1  and  R-13,  October  1978,  see 
Table  A-3),  the  single  shallowest  was  0.2  feet  (R-19,  May  1979,  see 
Table  A-6). 

The  average  depth  of  the  euphotic  zone  was  essentially  equal  in 
Warrior  Lake  and  the  Lower  Black  Warrior  River  (7.1  feet  and  7.2  feet, 
respectively;  see  Tables  3-1  and  3-2).  Demopolis  Lake  had  only  a 
slightly  shallower  euphotic  zone  (6.9  feet,  see  Table  3-4).  The 
Tombigbee  River  was  distinctly  less  transmissive  with  the  average 
depth  of  the  euphotic  zone  being  4.7  feet  (Table  3-3),  approximately 
40%  shallower  than  the  other  sections. 

These  sectional  comparisons  mask  one  overall  trend  in  the  Black 
Warrior  River:  Warrior  Lake  consistently  had  the  greatest  light  trans- 
mi  ttances  with  the  deepest  generally  occurring  at  R-1.  There  was 
then  a  downstream  decline  in  light  transmittance  between  R-2  and  R-6 
(from  an  average  of  9.0  feet  at  R-1  to  5.8  feet  at  R-6,  see  Table  3-1). 
The  euphotic  zone  then  gradually  deepened  to  an  average  of  7.8  feet 
at  R-9  (Table  3-1).  The  Lower  Black  Warrior  River  showed  a  similar 
trend  with  the  station  below  Warrior  Lock  and  Dam  having  a  shallower 
euphotic  zone  than  those  stations  closer  to  Demopolis  Lake  (e.g., 
the  mean  light  transmittance  at  R-10  was  6.2  feet  and  at  R-16  the 
mean  was  7.5  feet;  see  Table  3-2).  This  trend  is  noticeable  within 
most  monthly  data  collections  (see  Appendix  A). 

Turbidity.  Turbidity  values  evidenced  large  variations  between 
both  stations  and  dates.  The  lowest  average  turbidity,  8  FTU,  was 
at  R-19  (Table  3-3).  The  lowest  monthly  turbidities  were  recorded 
during  October  1978  (Table  A-3);  the  highest  were  during  February  1979 
(Table  A-5).  The  minimum  turoidity  for  the  study  was  2  FTU  which 
occurred  at  R-18  and  R-19  in  August  1978  (Table  A-1)  and  several  other 
Black  Warrior  River  stations  in  October  1978  (Table  A-3).  The  maximum 
turbidity  for  the  study  was  195  FTU  which  occurred  at  R-17  in  February 
197J  (Table  A-5). 
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The  major  trend  among  the  river  sections  was  increasing  turbidity 
downstream.  Warrior  Lake  had  the  lowest  mean  turbidity,  14  FTU  (Table 
3-1).  The  Lower  Black  Warrior  River  increased  to  22  FTU  (Table  3-2). 
The  Tombigbee  River  yielded  the  highest  average  turbidity,  41  FTU 
(Table  3-3).  Demopolis  Lake  had  an  average  of  24  FTU  (Table  3-4). 

Thus,  the  Tombigbee  River  had  40%  -  55%  greater  turbidity  than  the 
other  river  sections. 

Color.  Color  is  measured  in  plantinum-cobalt  color  units.  In 
this  section  the  numerical  values  all  refer  to  Pt-Co  units. 

Color  values  varied  widely  between  sampling  dates,  river  stations 
and  river  sections.  The  station  with  lowest  average  color,  12,  was 
R-1  (Table  3-1);  the  highest  was  45  at  R-21  (Table  3-3).  The  minimum 
color  value  during  the  study  was  5  (R-1  in  July  1979,  Table  A-8,  and 
R-5  in  October  1979,  Table  A-10).  The  maximum  color,  95,  occurred 
at  R-20  in  October  1979  (Table  A-10). 

Similar  to  turbidity,  color  generally  increased  downstream  on 
the  Black  Warrior  River,  rising  from  14  in  Warrior  Lake  to  16  in  the 
Lower  Black  Warrior  River-  The  Tombigbee  River  color  levels 
averaged  over  100%  higher  than  the  Black  Warrior  River  with  an 
average  color  value  of  37.  Demopolis  Lake  dropped  only  slightly 
lower  than  the  Tombigbee  River  on  the  average  (31)  and  was  twice  the 
color  intensity  of  the  Black  Warrior  River. 

Transparency.  The  transparency,  as  measured  by  Secchi  disc, 
evidenced  much  less  variation  than  turbidity  and  light  transmittance. 
The  highest  average  transparency  was  1.1  meters  observed  at  R-1  (Table 
3-1)  and  the  lowest  average  transparency  was  0.3  meters  observed  at 
R-19  (Table  3-3).  The  most  transparent  conditions  were  observed  in 
October  1978  (Table  A-3);  the  least  in  February  1979  (Table  A-5).  The 
single  highest  transparency  was  2.2  meters  (R-1,  July  1979,  Tables  3-1 
and  A-8).  The  minimum  transparency  recorded  was  0.1  meters.  This 
value  was  observed  at  several  Tombigbee  River  Stations  in  February 
and  May  1979  (Tables  3-3,  A-5  and  A-6). 

Transparency  generally  decreased  downstream,  as  compared  between 
the  river  sections.  However,  the  variation  between  the  sections  was 
not  as  distinct  as  it  was  for  the  other  clarity  measurements.  Warrio' 
Lake  had  the  greatest  transparency,  0.8  meters  (Table  3-1)  with  a 
decrease  to  a  0.7  meters  in  the  Lower  Black  Warrior  River  (Tabie  3-2) 
and  0.6  meters  in  Lake  Denopolis  (Table  3-4).  The  Tombigbee  River, 
while  not  extremely  less  transparent,  had  the  lowest  average,  0.5 
meters  (Table  3-3).  These  trends  support  the  general  trend  of  decreas¬ 
ing  clarity  do'/nstream  on  the  Black  Warrior  River,  with  the  Tombigbee 
River  contributing  water  of  a  much  lower  clarity  to  Demopolis  Lake 
which  maintains  a  clarity  influenced  by  both  rivers. 

Oxidation-Reduction  Potential .  The  measurement  of  oxidation- 
reduction  potential  (ORP)  produced  very  little  variation  between 
samplings,  but  larger  variations  between  river  stations  and  river 
sections.  The  greatest  mean  ORP  was  410  mV  at  R-7  through  R-10  (Tables 
3-1  and  3-2).  The  lowest  mean  ORP  was  360  mV  at  R-20  (Table  3-3). 

The  highest  ORP  was  560  mV  which  occurred  at  R-6  during  late  August 
1979  (Table  A-9);  the  lowest  was  230  mV  at  R-6,  in  December  1978 
(Table  A-4).  The  lowest  monthly  ORP  values  were  recorded  in  December 
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1979  (Table  A-4).  The  highest  monthly  ORP's  were  recorded  in  late 
August  1979  (Table  A-9). 

Between  the  river  sections,  only  the  Tombigbee  River  varied  from 
the  grand  mean  of  approximately  400  mV.  Warrior  Lake  and  the  Lower  Black 
Warrior  River  averaged  approximately  400  mV  for  the  entire  study  (Tables 
3-1  and  3-2).  Demopolis  Lake  had  an  average  of  390mV  (Table  3-4).  The 
Tombigbee  River  averaged  only  6%  lower,  375  mV  (Table  3-3).  These  results 
demonstrate  relatively  equal  ORP  values  for  the  entire  study  area  averaged 
over  the  entire  study  period  with  the  Tombigbee  River  having  slightly 
lower  ORP  values  (see  monthly  data  in  Appendix  A). 

Specific  Conductance.  As  with  ORP  (see  Table  3-1  through  3-4)  variations 
were  not  extreme  between  river  stations.  The  greatest  variation  occurred 
between  dates.  The  highest  specific  conductance  (conductivity)  observed  dur¬ 
ing  the  study  was  215  ymhos/cm  recorded  at  R-4  in  October  1978  (Table  A-3) 
and  at  R-7  through  R-12  in  October  1979  (Table  A-10).  The  lowest  conductivity 
was  35  ymhos/cm  at  R-20,  August,  1978  (Table  A-2). 

Between  the  river  sections,  the  Tombigbee  River  averaged  a  30%  lower 
conductivity  than  either  Black  Warrior  River  section  or  Demopolis  Lake. 

The  Black  Warrior  River  averaged  180  ymhos/cm  and  170  umhos/cm  for  Warrior 
Lake  and  the  Lower  Black  Warrior  River,  respectively  (Tables  3-1  and  3-2). 
Demopolis  Lake  averaged  slightly  lower  at  158  ^mhos  (Table  3-4).  The 
Tombigbee  River  was  consistently  lower  (Appendix  A)  with  an  average  of 
125  umhos/cm  (Table  3-3). 

Dissolved  Oxygen.  Dissolved  oxygen  (DO)  concentrations  varied 
considerably  by  month,  station  and  river  section.  Station  R-5  had  the 
highest  average  DO,  9.3  mg/1  (Table  3-1).  The  lowest  average  DO  was 

7.5  mg/1  at  R-19  and  R-21  (Table  3-3).  The  single  highest  DO  was 

11.8  mg/1  observed  at  R-10  during  an  early  morning  (0937  hours)  measure¬ 
ment  in  February  1979  (Table  A-5).  The  lowest  DO  was  5.2  mg/1  recorded 
at  R-19  and  R-20  in  October  1978  (Table  A-3).  It  should  be  noted  that 
DO  values  almost  as  low  were  observed  between  stations  R-19  and  R-22 
in  August  and  October  1979  (Table  A-9  and  A-10,  respectively). 

Warrior  Lake  and  the  Lower  Black  Warrior  River  had  equal  mean 
DO  levels,  8.5  mg/1  (Tables  3-1  and  3-2).  The  Tombigbee  River  showed 
only  a  9%  reduction  in  average  DO  with  7.8  mg/1  (Table  3-3).  Demopolis 
Lake,  with  an  average  of  8.0  mg/1  (Table  3-4),  fell  between  the  levels 
of  the  two  rivers.  This  trend  is  evidenced  in  the  monthly  data  col¬ 
lections  (Appendix  A)  which  show  a  general  decrease  in  DO  values  in 
the  Tombigbee  River  as  compared  to  the  Black  Warrior  River  and  Demopolis 
Lake. 

pH.  The  pH  showed  the  least  variation  of  any  of  the  in-situ  para¬ 
meters.  The  approximate  median  range  was  6  8-7.8  S.U.  for  all  river 
sections.  The  minimum  average  pH  for  this  study  was  7.0  S.U.,  recorded 
at  R-1  (Table  3-1);  the  maximum  was  7.8  S.U.  at  R-19  and  R-20  (Table 
3-5).  The  most  basic  pH  value  recorded  during  the  study  was  8.9  S.U. 

(Station  R-20  during  early  and  late  August  1978,  Tables  A-1  and  A-2). 

The  most  acidic  pH  measurement  was  6.1  S.U.  taken  at  R-5  (July  1978, 

Table  A-1). 

As  with  dissolved  oxygen,  grand  average  pH  values  were  equal  in 
the  two  Black  Warrior  River  segments  (7.2,  Tables  3-1  and  3-2).  The 
Tombigbee  River  was  generally  more  basic,  having  an  average  pH  of 

7.6  S.U.  (Table  3-3).  Demopolis  Lake  pH  w«s  7.3  S.U.,  on  the  average 
(Table  3-4).  These  trends  are  generally  observable  in  the  monthly 
data  collections  (see  Appendix  A). 
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Tributary  and  Discharge  Stations 


Results  of  in-situ  measurements  made  al  tributary  and  discharge 
stations  during  monthly  data  collections  are  found  in  Appendix  C.  Sum¬ 
maries  of  this  data  are  found  in  Tables  3-1  through  3-4.  The  tributaries 
and  discharges  are  listed  as  they  occur  between  the  river  stations  in 
each  section.  No  attempt  was  made  to  calculate  grand  average  of  the 
tributaries  in  each  river  section  due  to  the  variations  in  the  quality 
of  the  different  influents. 

Because  of  the  lack  of  consistent  trends  in  the  river  section, 
no  presentation  is  made  in  this  section  regarding  the  effects  of  the 
tributaries  and  discharges  on  the  rivers.  The  following  results  will 
therefore  separate  the  results  of  the  tributary  and  discharge  measure¬ 
ments  and  the  water  quality  impacts  will  be  discussed  in  Section  4  of 
this  report. 

The  following  summary  is  presented  as  an  aid  to  reading  the  follow¬ 
ing  section.  The  reader  should  refer  to  Table  1-2  for  more  details  on 
station  locations. 


TRIBUTARIES 


Station 

Source 

Station 

Source 

T-1 

Big  Cypress  Creek 

T-7 

Big  Brush  Creek 

T-2 

Little  Sandy  Creek 

T-8 

White  Creek 

T-3 

Big  Sandy  Creek 

T-9 

Big  Prairie  Creek 

T-4 

Elliot's  Creek 

T-10 

French  Creek 

T-5 

Five  Mile  Creek 

T-11 

Noxubee  Creek 

T-6 

Minters  Creek 

T-12 

McConnico  Creek 

DISCHARGES 

Station 

Source 

Station 

Source 

D-1 

Tuscaloosa  STP 

D-4 

Sumter  Sand  &  Gravel 

L-2 

Mouth  of  APCO 

Co. 

Channel 

D-5 

Rivers  City  Industry 

D-3 

APCO  pond  discharge 

D-6 

Borden  Chemical  Co. 

Water  Temperature.  The  general  trend  for  tributary  stream  tempera¬ 
tures  refelcted  the  main  river  station  temperature  variations  with  a 
maximum  average  variation  of  approximately  3°C.  The  lowest  average  temp¬ 
erature  was  20.7OC  at  T-2  (Table  3-1);  the  highest  average  was  24.3°C  at 
T-10  (Table  3-2).  The  lowest  temperature  recorded  was  6.5°C  at  T-2  and 
T-3  in  December  1978  (Table  C-4).  The  highest  tributary  stream  temp¬ 
erature  was  31.0°C  recorded  at  T-10  in  July  1979  (Table  C-8). 

Discharge  stations  had  approximately  the  same  range  of  variation 
from  the  river  mean  temperatures  as  did  the  tributary  stations.  D-2 
had  the  highest  average  temperature,  27.1°C  (Table  3-1).  The  lowest 
average  discharge  temperature  was  23.4°C  at  D-5  (Table  3-3).  The 
highest  temperature  recorded  at  a  discharge  station  was  36.0°C  at 


D-?  in  July  and  August  1979  (Tables  C-8  and  C-9);  the  lowest  was  9.5°C 
in  December  1978  at  D-5  and  D-6  (Table  C-4)  and  in  February  1979  at 
D-3  (Table  C-5). 

Turbidity.  Turbidity  was  the  only  measurement  of  clarity  made 
at  the  tributary  and  discharge  stations.  T-11  had  the  highest  average 
turbidity,  64  FTU  (Table  3-3),  of  all  tributary  stations.  The  lowest 
average  turbidity  was  11  FTU,  obtained  at  T-5  (Table  3-1).  The  single 
highest  turbidity  was  158  FTU,  recorded  at  T-11  in  May  1979  (Table 
C-6).  The  minimum  turbidity  was  1.7  FTU  recorded  at  T-2  in  August 
1978  (Table  C-2). 

Discharge  station  average  turbidities  were  generally  lower  than 
or  equal  to  the  average  turbidities  for  the  river  sections.  The  lowest 
average  turbidity  was  14  FTU  obtained  at  D-2  (Table  3-2),  the  highest 
average  was  45  FTU,  obtained  at  D-4  (Table  3-3).  The  single  highest 
turbidity  was  140  FTU,  recorded  at  D-4  in  February  1979  (Table  C-5). 

D-3  had  the  lowest  single  turbidity,  1  FTU,  recorded  in  July  1978 
(Table  C-1). 

Oxidation-Reduction  Potential.  Oxidation  reduction  potential 
(ORP)  values  from  tributaries  showed  no  consistent  trend  in  comparison 
to  average  river  ORP  measurements.  The  highest  average  tributary  ORP 
was  398  mV  at  T-5  (Table  3-1).  The  lowest  mean  ORP  for  tributary 
stations  was  327  mV,  obtained  at  T-10  (Table  3-2).  The  maximum  ORP 
value  obtained  for  tributaries  was  560  mV  at  T-5  in  August  1979  (Table 
C-9);  the  minimum  was  90  mV  at  T-4  in  August  1978  (Table  C-2). 

Oischarge  station  ORP  values  were  consistently  lower  than  the 
receiving  river  waters.  0-1  and  D-2  had  the  highest  average  ORP, 

380  mV  (fable  3-1  and  3-2,  respectively).  The  lowest  average  CRP  was 
335  mV,  obtained  at  D-4  (Table  3-3).  The  maximum  ORP  recorded  for  a 
discharge  station  was  470  mV  (D-3,  August  1979,  Table  C-9).  The 
minimum  ORP  was  180  mV,  recorded  at  D-3  during  December  1978  (Table 
C-4). 


Specific  Conductance.  Specific  conductance  had  the  widest  ranges 
of  any  in-situ  parameter  measured  at  tributary  or  discharge  stations. 
The  lowest  average  conductivity  reading  at  a  tributary  was  50  pmhos/cm, 
obtained  at  T-4  (Table  3-1);  the  highest  was  233  ymhos/cm  at  T-10.  The 
maximum  conductivity  recorded  was  410  pmhos/cm  at  T-7  in  August  1978 
(Table  C-1).  The  minimum  recorded  conductivity  for  a  tributary  station 
was  30  mV  (T-4  and  T-5,  December  1978,  Table  C-4). 

The  discharge  stations  generally  had  average  specific  conductivity 
values  higher  than  the  receiving  river  waters.  The  greatest  average 
discharge  conductivity  was  obtained  at  D-6,  583  pmhos/cm  (Table  3-4). 
The  smallest  average  specific  conductance  was  118  ymhos/cm  which  was 
obtained  at  D-4  (Table  C-3).  The  minimum  discharge  conductivity  was 
also  recorded  at  D-4,  30  umhos/cm  in  August  1978  (Table  C-1).  The 
maximum  recorded  conductivity  was  at  D-6,  1900  ymhos/cm  in  October 
1979  (Table  C-10). 

Dissolved  Oxygen.  Tributary  and  discharge  stations  were  generally 
+1.0  mg/1  the  receiving  river  water  dissolved  oxygen  (DO)  concentra¬ 
tions.  The  tributaries  with  the  highest  average  DO  concentrations  were 
T-2  and  T-10  with  ?.2  mg/1  (Tables  3-1  and  3-2).  The  lowest  average  DO 
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was  7.1  rog/l,  obtained  at  T-4  (Table  3-1).  T-9  had  the  lowest  single 

DO  level,  3.8  mg/1  recorded  in  July  1978  (Table  C-1).  The  highest  DO, 

14.4  mg/1  was  recorded  at  T-12  in  June  1979  (Table  C-7). 

Discharge  station  D-1  had  the  highest  average  DO,  8.6  mg/1  (Tcble 
3-1).  The  lowest  average  DO  was  7.8  mg/1  obtained  at  D-6  (Table  3-4). 

The  lowest  monthly  discharge  station  DO  was  4.6  mg/1 ,  recorded 
at  D-5  (August  1978,  Table  C-1).  The  highest  recorded  discharge  DO 
was  13.2  mg/1  at  D-5  (July  1979,  Table  C-8). 

pH.  The  average  pH  values  at  all  tributary  and  discharge  stations 
were  circumneutral  (7.0  +  1.5  S.U.)  The  highest  average  pH  was  8.3  S.U. 
at  T-10  (Table  3-2);  the  lowest  pH.  6.5  S.U.,  recorded  at  T-7  in 
February  1979  (Table  C-5).  The  most  basic  single  reading  was  9.1  S.U. 
at  T-10  (July  1978,  Table  C-1). 

Discharge  station  pH  values  were  not  as  varied  as  those  obtained 
from  the  tributary  stations.  The  highest  average  discharge  pH  was 
7.8  S.U.,  obtained  at  D-5  (Table  3-3).  The  lowest  average  pH  was  6.5 
S.U.,  obtained  at  0-3  (Table  3-2).  The  most  acidic  station  was  D-3, 
with  a  pH  of  5.1  S.U.  in  February  1979  (Table  C-5).  D-5  had  the  most 

basic  pH  reading,  8.8  S.U.,  in  July  1979  (Table  C-8). 

3. 1.1.2  Stratification  and  Mixing  Studies 

During  the  course  of  this  study,  three  related  data  sets  were 
obtained:  Top  and  Bottom  Comparison  of  In-Si tu  Parameters  (see  Ap¬ 
pendix  D),  In-Situ  Parameters  Measured  at  Vertical  Cross  Section  Stations 
R-8  and  R-22  (see  Appendix  E)  and  Extensive  Mixing  Studies  (see  Appendix 
F).  All  three  data  collections  involved  making  measurements  of  in-situ 
parameters  in  vertical  profile  along  points  of  horizontal  transects. 

The  Top  and  Bottom  Comparisons  were  begun  in  October  1978,  the  Vertical 
Cross  Sections  at  R-8  and  R-22  in  July  1978  and  Extensive  Mixing  Studies 
were  done  on  the  dates  noted  in  3. 1.1.1. 

Stratification  at  Main  River  Stations 

The  results  of  these  studies  indicate  very  little  stratification 
of  the  Black  Warrior  or  Tombigbee  Rivers.  Table  3-5  provides  a  summary 
of  noticeable  stratification  in  the  form  of  changes  in  temperature  and 
dissolved  oxygen  (DO)  from  surface  to  just  above  the  river  bottom. 

The  most  important  observation  to  be  made  from  Table  3-5  is  that 
although  temperature  and  DO  do  show  some  minor  stratification  at 
certain  times,  the  overall  loss  of  oxygen  or  temperature  change  is 
never  severe.  As  shown  in  Appendices  D  and  E,  the  depletion  of  DO 
to  a  level  near  0  mg/1  was  never  observed.  Indeed  the  lowest  DO  re¬ 
corded  during  the  study  was  4.2  mg/1  at  15  meters  (R-22,  August  1978. 
Table  E-4).  Thus,  stratification  studies  generally  showed  minor  and 
gradual  variation  in  surface  versus  bottom  water  quality  parameters. 

Further  examination  of  Table  3-5  reveals  the  trends  of  what 
stratification  was  present  in  the  Middle  Black  Warrior  and  Tombigbee 
Rivers.  Both  rivers  appear  to  be  well  mixed  vertically  in  both 
December  1978  and  April  1979  with  a  maximum  surface  to  bottom  temp¬ 
erature  difference  of  3°C  at  P.-l  (Table  D-2).  It  should  be  noted 
that  the  temperature  difference  is  an  increase  from  surface  to  bottom. 
The  maximum  DO  decrease  seen  during  these  months  is  1.3  mg/1  (R-6, 
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Table  3-5.  Summary  of  Significant  Thermal -Oxygenation  Stratification 
at  Main  River  Stations  on  Selected  Dates,  Middle  Black 
Warrior  and  Tombigbee  Rivers,  July  1978  through  October  1979. 


Station 

Depth* 

(feet) 

DEC 

A^C 

1978 

aDO 

APRIL 

A°C 

1979 

&D0 

JULY 

A^C 

1979 

aDO 

OCT 

A^C 

1979 

ado 

R-1 

20 

3.0 

NO 

0.5 

0.2 

0 

0.1 

0 

0 

R-2 

20 

0.5 

ND 

0 

0 

0 

0 

0 

0 

R-3 

20 

0 

0.5 

0 

0.1 

0 

0.1 

0 

0.1 

R-4 

20 

0 

0.2 

0 

0 

0 

0 

0 

0 

R-5 

25 

0 

0.2 

0 

0.1 

0.5 

0.4 

0 

0 

R-6 

40 

0 

0.4 

0 

0.1 

0 

0 

0 

0 

R-7 

45 

0 

1.3 

0.5 

0.1 

0.5 

0.1 

0 

0.1 

R-8 

45 

0 

0 

0.5 

0 

0 

0.3 

0 

0.1 

R-9 

85 

0 

0.1 

0 

0 

0.5 

2.2 

0 

0 

R-10 

30 

0 

0.4 

0 

0.1 

0.5 

1.2 

0 

0 

R-12 

40 

0.5 

0.6 

0 

0.3 

0.5 

0.3 

0 

0 

R-13 

4C 

0 

0.1 

0.5 

0.1 

0.5 

0 

0 

0 

R-14 

45 

0 

0.6 

0.5 

0 

0.5 

0.6 

0 

0 

R-1 5 

50 

0 

0.2 

0 

0.3 

1.0 

0.5 

0 

0.2 

R-16 

60 

0 

0.5 

0 

0 

0.5 

0.1 

0 

0 

R-1 7 

15 

0 

0 

ND 

ND 

0.5 

0 

0 

0 

R-18 

15 

0 

0 

0 

0 

0 

0.1 

0 

0 

R-19 

25 

0 

ND 

0 

0.1 

0 

0.3 

0 

0.4 

R-20 

50 

0 

ND 

0 

0 

0.5 

0.5 

0.5 

0.1 

R-21 

55 

0.5 

0.2 

0 

0 

1.5 

2.1 

0 

0 

R-22 

55 

0 

0.2 

0.5 

0 

0.5 

0.9 

1.0 

1.2 

R-23 

55 

0.5 

0.6 

0 

0 

0.5 

0.7 

0 

0.8 

♦From  information  provided  by  Mobile  District,  U.S.  Army 
Corps  of  Engineers 


ND  =  No  data  at  station  and  date 


December).  This  difference  is  obscured,  however,  by  the  DO  super- 
saturation  at  the  surface.  By  July  1979  these  differences  had 
increased  such  that  several  stations  were  displaying  distinct,  but 
still  minor,  vertical  variation  in  DO  and  temperature. 

Thermal  stratification  was  apparent  at  several  stations  in  July 
1979.  However,  the  average  temperature  decline  was  only  0.5°C  with 
R-15  showing  a  full  1°  lower  at  the  bottom.  At  that  same  station, 
the  DO  showed  onlv  0.5  mg/1  decline  (8.1  mg/1  to  7.6  mg/1 ,  Table  D-6). 
R-21  showed  a  1.5°C  decline  in  temperature  with  a  2.1  mg/1  decline  in 
DO.  R-9,  immediately  upstream  of  Warrior  Lock  and  Dam,  had  the  highest 
DO  decline,  2.2  mg/1  with  a  temperature  drop  of  only  0.5°C.  In 
October  1979  most  stratification  had  disappeared.  An  exception 
was  Demopolis  Lake  (R-22  and  R-23)  which  showed  some  stratification 
during  this  month.  Between  the  stations  there  was  an  average  DO 
decline  of  1.0  mg/1  and  an  average  temperature  drop  of  0.75®C.  As 
noted,  these  stratifications  appeared  for  the  only  time  in  Demopolis 
Lake  during  October  1979.  However,  as  with  all  other  stations  at 
all  other  sampling  times,  stratification  never  increased  to  the  point 
of  producing  a  distinct  thermo-  or  chemocline. 

The  stations  showing  the  highest  stratification  were  R-9  behind 
Warrior  Lock  and  Dam,  the  stations  of  the  Lower  Black  Warrior  River; 

R-20  and  R-21  on  the  Tombigbee  River  and  R-22  and  R-23  in  Demopolis 
Lake.  Between  these  sections,  the  Lower  Black  Warrior  River  had  more 
consistent  DO  and  temperature  declines  than  any  other  section  (see 
Appendix  D).  Warrior  Lake  and  the  Tombigbee  River  showed  the  least 
amount  of  stratification. 

The  other  in-situ  parameters  measured  during  these  data  collections 
(specific  conductance,  pH  and  ORP)  displayed  very  little  vertical 
variation.  During  July  1979,  the  period  with  maximum  thermal  and 
oxygen  depletion  over  depth,  specific  conductance  showed  no  change 
through  the  ve**tical  profile.  pH  values  consistently  dropped  off 
with  iiicreasing  depth  in  all  river  sections,  however,  this  decrease 
rarely  exceeded  +  0.5  units.  ORP,  a  measurement  of  the  electrochemical 
potential,  generally  increased  as  DO  levels  decreased.  However,  at 
the  maximum  DO  depletion,  ORP  did  not  vary.  Indeed,  ORP  varied  more 
horizontally  than  vertically.  Thus,  the  other  in-situ  parameters 
showed  less  stratification  than  the  major  stratification  indicators, 

DO  and  temperature. 

Extensive  Mixing  Studies 

Extensive  mixing  studies  were  conducted  during  October  1978  and 
February  and  August  1979.  The  purpose  of  these  studies  was  to  deter¬ 
mine  the  horizontal  and  vertical  mixing  of  the  river  at  all  main 
stations.  Thus,  vertical  profiles  were  taken  at  three  points:  near 
the  right  and  left  banks  in  the  littoral  zone  and  at  mid-stream  (over 
the  deepest  point).  The  results  of  these  three  data  collections  are 
presented  in  Appendix  F. 

Warrior  Lake  shows  only  minor  vertical  stratification  during  all 
three  months.  However,  there  are  several  instances  of  distinct 
horizontal  stratification.  In  October  1978,  surface  water  temperatures 
at  station  R-7  varied  by  4°C  from  both  littoral  zones  to  mid-stream, 
with  the  litto'-a!  zones  being  colder  (Table  F-1).  At  R-5  during  the 
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same  month,  DO  showed  an  extreme  horizontal  variation.  At  the  right 
bank  the  DO  was  supersaturated  (11.0  mg/1).  At  mid-stream  the  DO  fell 
off  by  3.0  mg/1  from  the  surface  to  the  bottom.  At  the  left  bank  the 
DO  was  only  5.6  mg/1  throughout  the  entire  water  column.  All  other 
parameters  were  stable  during  this  period  at  this  station,  except  pH 
which  was  2  units  lower  at  the  left  bank  than  the  right  bank  (see 
Table  F-1).  During  February  1979,  all  parameters  were  relatively 
equal  over  both  vertical  and  horizontal  profiles  (Table  F-2).  August 
1979  measurements  revealed  only  two  major  horizontal  variations  for 
parameters  other  than  DO  and  temperature.  Station  R-6  recorded  ORP 
values  elevated  by  25%  (as  compared  to  R-5)  at  all  points  (Table  F-3). 

By  station  R-12  these  elevated  ORP  had  gradually  returned  to  le.els 
near  those  of  R-5.  At  R-9,  surface  temperatures  were  elevated  by 
about  3-5OC  in  the  littoral  zones  and  DO  levels  were  up  to  1.0  mg/1 
higher  in  the  river  margins  than  that  at  mid-stream  (Table  F-3). 

The  Lower  Black  Warrior  River  showed  different  trends  in  vertical 
and  horizontal  stratification  than  Warrior  Lake.  One  consistent  dif¬ 
ference  between  the  two  sections  was  the  lowered  DO  levels  to  be 
found  at  the  deepest  part  of  mid-stream  (see  R-13  through  R-16  on 
Tables  F-1,  F-2  and  F-3).  As  noted  in  the  previous  section  on  strati¬ 
fication,  this  DO  depletion  with  depth  was  greatest  in  the  summer  of 
1979  (Table  F-3)  but  never  reached  anaerobic  levels  at  any  station. 

The  river  was  once  again  completely  vertically  mixed  by  the  October 
1979  sampling  (Table  D-7).  Horizontal  variation  was  less  pronounced 
than  in  Warrior  Lake.  As  with  the  upper  section,  littoral  temperature 
in  the  lower  Black  Warrior  River  was  occasionally  different  than  the 
mid-stream  temperatures.  For  example,  for  surface  water  temperatures 
at  R-14  in  October  1978,  the  littoral  zones  mre  27°C  and  the  mid¬ 
stream  25°C  at  the  surface  (see  Table  F-1).  DO  also  showed  similar 
horizontal  stratification  on  the  upper  and  lower  sections,  but  no 
extreme  transect  variations  were  observed.  At  R-12  in  August  1979, 
(Table  F-3)  the  littoral  zone  surface  DO  was  approximately  0.6°C 
higher  than  the  midstream  surface  DO.  This  example  is  one  of  the 
larger  variations  (see  Table  F-1  through  F-3).  Thus,  while  the  results 
of  extensive  mixing  showed  less  horizontal  variability  in  the  Lower 
Black  Warrior  River  as  compared  to  the  upper  section,  they  did  reveal 
the  increased  vertical  stratification  in  this  reach  of  the  Black 
Warrior  below  Warrior  Lock  and  Dam. 

The  Tombigbee  River  extensive  mixing  studies  revealed  both 
horizontal  and  vertical  stratification.  In  October  1978,  R-17  was 
well  mixed  in  both  dimensions  (Table  F-1).  R-18,  however,  showed 

significatnt  horizontal  variation  between  the  mid-stream  and  right 
bank.  Midstream  surface  DO  concentrations  were  2.0  mg/1  lower  than 
the  right  bank  surface  levels.  This  lower  DO  was  then  observed  at  the 
left  bank  and  mid-stream  with  surface  DO  concentrations  at  the  right 
bank  being  elevated  to  near  saturation.  By  R-20  the  horizontal  varia¬ 
tion  was  gone  but  the  DO  levels  were  suppressed  (5.2  to  5.6  mg/1). 

At  R-21,  the  DO  showed  some  recovery,  rising  to  6.0  -  6.8  mg/1  at  the 
surface.  As  with  the  Black  Warrior  River,  all  in-situ  parameters 
showed  near  complete  mixing  during  the  February  1979  (Table  F-2) 
sampling.  In  August  1979  (Table  F-3)  most  stations  showed  nearly 
equal  emperatures,  both  horizontally  and  vertically, with  variation 
in  temperature  generally  ranging  up  to  2°C.  The  largest  horizontal 
temperature  variation  was  at  R-20  which  had  a  variation  between 
the  littoral  zone  (31.50C  at  the  right  bank)  and  the  midstream  (28.50C). 
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In  general,  littoral  zone  temperatures  were  warmer  and  mid-stream  deep 
water  temperatures  were  colder  within  this  range.  R-20  also  had  the 
greatest  variation  in  DO  levels  with  a  2  mg/1  horizontal  variation 
(high  littorals  and  low  mid-stream)  and  a  2-3  mg/1  vertical  aifrerence. 
Other  parameter  exhibited  only  a  minor  degree  of  stratification. 

Demopolis  Lake  showed  very  little  vertical  or  horizontal  stratifica¬ 
tion  during  either  the  October  1978  or  February  1979  surveys  (see 
Tables  F-1  and  F-2).  In  August  1979  at  R-22  (Table  F-3),  there  was 
a  distinct  surface  DO  drop  at  mid-stream  and  the  left  bank  as  compared 
to  the  surface  DO  at  the  right  bank.  At  R-23  during  the  same  month, 
all  surface  DO  concentrations  were  noticeably  lower  than  normal. 
Temperature  variations  at  these  stations  in  August  were  only  1°C, 
with  the  littoral  zones  being  warmer.  All  other  in-situ  parameters 
were  well -mixed  during  all  samplings. 

Extensive  mixing  studies  conducted  at  main  river  stations  revealed 
varying  patterns  of  horizontal  and  vertical  stratification.  Water 
temperature  evidenced  significant  stratification  in  the  summer  with 
the  littoral  zones  and  the  surface  water  being  the  warmest.  Winter 
water  temperatures  were  essentially  equal  throughout  the  river.  DO 
levels  were  seen  to  have  significant  horizontal  stratifications  with 
vertical  stratifications  being  small  and  mostly  related  to  stream 
depth.  All  other  in-situ  parameters  were  approximately  equal  during 
each  sampling  with  only  slight  variations  occurring  between  seasons 
(see  Section  3. 1.1.1). 

3. 1.1. 3  Major  Ions  and  Associated  Parameters 

The  presentation  of  results  for  this  Section  and  Sections  3. 1.1.4 
through  3.1. 1.6  encompass  data  contained  in  Appendices  A  and  B.  These 
are  raw  data  for  chemical  analyses  and  quality  control  support  data, 
respectively.  In  contrast  to  the  presentaion  in  Section  3. 1.1.1, 
the  following  results  concern  only  main  river  stations  since  tributary 
stations  were  monitored  for  in-situ  parameters  only. 

Alkalinity-  Alkalinity  (4.5  S.U.)  evidenced  stable  levels  in  all 
rivers  and  vaned  only  slightly  during  the  study.  The  highest  mean 
alkalinity  was  43  mg/1  (all  units  as  CaCOs)  observed  at  R-20  and  R-21 
on  the  Tombigbee  River  (Table  3-8).  The  station  having  the  lowest 
mean  alkalinity  was  R-13,  with  23  mg/1  (Table  3-7).  R-20  had  the 

highest  alkalinity  recorded,  59  mg/1  in  early  and  late  August  1978 
(Table  A-1  and  A-2).  R-13  had  the  lowest  alkalinity,  23  mg/1 ,  recorded 

in  October  1978  (Table  A-3). 

The  river  sections  also  had  stable  alkalinities,  with  the  grand 
means  showing  little  variation  from  the  station  means.  The  Tombigbee 
River  had  the  highest  average  alkalinity,  41  mg/1  (Table  3-8).  Demopolis 
Lake  had  the  second  highest  average  value,  28  mg/1  (Table  3-9).  This 
value  was  very  close  to  that  of  Warrior  Lake,  which  had  an  average 
alkalinity  of  26  mg/1  (Table  3-7).  The  Lower  Black  Warrior  River 
average  alkalinity  dropped  off  slightly,  being  24  mg/1  (Table  3-6). 

These  conditions  indicate  a  very  stable  alkalinity  for  the  rivers 
through  the  seasons  and  within  the  sections. 

Calcium.  The  levels  of  calcium  observed  in  the  Middle  Black  Warrior 
and  Tombigbee  Rivers  were  highly  variable  but  showed  a  consistent  pattern. 
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TA8L£  3-6.  Means  and  Ranges  of  Major  Ions  and  Associated  Parameters  at  Main  River  Stations, 
Middle  Black  Warrior  River,  Stations  R-1  thru  R-9  (Warriar  Lake),  July  1978 
thru  October  1979 
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Means  and  Ranges  of  Major  Ions  and  Associated  Parameters  at  Main  River  Stations,  Middle  Black 
Warrior  River,  R-10  thru  R-16  (Lower  Black  Warrior  River),  July  1978  thru  October  1979 
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TABLE  3-8.  Means  and  Ranges  of  Major  Ions  and  Associated  Parameters  at  Main  River  Stations,  Middle 
Tombigbee  River,  Stations  R-17  thru  R-21  (Toinbigbee  River),  July  1978  thru  October  1979 
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station  R-21  had  the  highest  average  calcium  levels,  17.8  mg/1  (Table 
3-8).  The  lowest  average  calcium  level  was  6.3  mg/1  observed  at  R-13 
(Table  3-7).  The  single  highest  calcium  concentration  was  23.5  mg/1 , 
recorded  at  R-20  in  August  1979  (Table  A-9);  the  single  lowest  was 
3.4  mg/1  at  R-10  in  February  1979  (Table  A-5).  Despite  the  magnitude 
of  variation,  one  consistent  trend  was  that  all  stations  recorded 
higher  calcium  concentrations  in  the  two  August  trips  (Tables  A-2  and 
A-9)  than  in  February  1979  (Table  A-5). 

The  Tombigbee  River  ahd  the  highest  grand  average  for  calcium, 

16.5  mg/1  (Table  3-8).  Demopolis  Lake  with  an  average  calcium  concentra¬ 
tion  of  13.4  mg/1  (Table  3-9)  had  the  second  highest  mean.  The  Black 
Warrior  River  had  10.2  (Table  3-6)  and  9.3  mg/1  (Table  307)  for  the  lake 
and  the  lower  section,  respectively.  As  noted  above,  the  river  sections 
showed  high  seasonal  variability  with  summer  maxima  and  early  spring 
minima. 

Magnesium.  Concentrations  of  magnesium  showed  little  variation, 
but  a  consistent  seasonal  trend.  However,  this  trend  was  distinctly 
different  than  that  noted  for  calcium  (see  above). 

The  station  yielding  the  highest  average  magnesium  concentration 
was  R-2  (6.01  mg/1 ,  Table  3-6).  R-21  had  the  lowest  average  magnesium 

concentration,  1.99  mg/1  (Table  3-7).  The  single  highest  magnesium 
level  recorded  was  8.3  mg/1  at  R-2  in  August  1979  (Table  A-9).  The 
lowest  value  recorded  for  magnesium  was  1.1  mg/1  at  R-17  in  August  1978 
(Table  A-2).  Considering  all  data,  minimum  concentrations  for  mag¬ 
nesium  were  recorded  in  August  1978  (Table  A-2)  and  the  maximum  level 
in  August  1979  (Table  A-9). 

Between  the  river  sections.  Warrior  Lake  had  the  highest 
average  magnesium  concentration,  5.48  mg/1  (Table  3-6).  The  Lower 
Black  Warrior  River  was  slightly  lower,  5.12  mg/1  (Table  3-7). 

Demopolis  Lake  had  a  decrease  of  approximately  40%  in  magnesium  con¬ 
centrations  with  an  average  of  3.61  mg/1  (Table  3-9).  The  Tombigbee 
River  had  the  lowest  average  magnesium  level,  2.12  mg/1  (Table  3-8). 

As  stated  above,  magnesium  displayed  one  pervasive  trend.  This 
was  a  rising  magnesium  level  in  Warrior  Lake  during  the  period  of  the 
study  (see  Tables  A-2,  A-5  and  A-9).  In  contrast,  stations  R-10 
through  R-23  showed  a  trend  similar  to  that  noted  for  calcium:  a 
peak  in  February  1979  (Table  A-5),  with  a  return  to  the  August  1978 
levels.  During  each  sampling  cited  above  the  magnesium  values  rose 
steadily  (progressing  upstream). 

Hardness  (Calculated).  Hardness  had  the  least  variation  of  any 
of  the  indicators  of  dissolved  substances  and  generally  displayed  a 
trend  similar  to  that  of  calcium.  The  station  with  the  highest  average 
hardness  was  R-3  (Table  3-6)  with  70  mg/1  (all  units  as  CaC03).  The 
lowest  average  hardness  was  46  mg/1  observed  at  R-9  (Table  3-8).  The 
maximum  hardness  was  87  mg/1  recorded  at  R-3  in  August  1978  (Table  A-2). 
The  minimum  hardness  was  36  mg/1  which  was  recorded  at  R-10  in  August 
1978  (Table  A-2).  Generally,  the  lowest  Hai'dness  occurred  in  Febru¬ 
ary  1979  (Table  A-5)  and  the  highest  occurred  in  August  1979  (Table  A-9). 

Although  differences  were  slight,  the  Tombigbee  River  had  the 
highest  average  hardness,  59  mg/1  (Table  3-8)  Demopolis  Lake  had  an 


average  of  56  mg/1  (Table  3-9).  As  with  calcium,  hardness  in  the  Black 
Warrior  was  slightly  higher  in  Warrior  Lake  (54  mg/1,  Table  3-6)  than 
the  lower  section  (52  mg/1,  Table  3-7).  This  trend  is  somewhat  similar 
to  that  of  calcium  (see  above)  which  is  the  major  component  of  the 
calculated  hardness. 

Chlorides.  The  levels  of  chlorides  observed  during  the  study  show 
both  seasonal  and  sectional  trends.  The  highest  average  chloride  value 
was  10  mg/1 ,  observed  at  two  stations  on  the  Tombigbee  River,  R-17  and 
R-20  (Table  3-8).  The  lowest  average  value  was  5  mg/1  observed  at 
R-1,  R-2,  R-3  and  R-5  (Table  3-6).  The  maximum  chloride  concentra¬ 
tion  recorded  was  15  mg/1  (R-18,  August  1978,  Table  A-2).  The  minimum 
chloride  concentration,  2  nig/1  was  recorded  at  all  Tombigbee  River 
Stations  in  February  1979  (Table  A-5).  Considering  all  chloride  data, 
the  lowest  chloride  concentrations  were  recorded  in  February  1979 
(Table  A-5).  Overall  maximum  chloride  concentrations  were  recorded 
in  August  1978  (Table  A-2). 

The  Tombigbee  River  had  the  highest  grand  average  chloride  con¬ 
centration,  9  mg/1  (Table  3-8).  Warrior  Lake  and  Lower  Black  Warrior 
River  averaged  6  mg/1  (Table  3-6)  and  7  mg/1  (Table  307),  respectively. 
Demopolis  Lake  averaged  between  the  two  rivers,  8  mg/1  (Table  3-9). 
These  results  indicate  a  seasonal  fluctuation  in  chloride  levels  within 
the  river  sections  which  are  moderately  different  from  each  other. 

Potassium.  Potassium,  one  of  the  major  vascular  plant  nutrients, 
showed  very  little  variation  between  both  seasons  and  river  sections. 
Tables  3-6  through  3-9  show  the  average  sectional  variation  is  £  0.2 
mg/1 . 


The  station  with  the  highest  average  potassium  level  was  R-22 
(2.53  mg/1,  Table  3-9).  The  lowest  average  concentration  was  1.98 
mg/1  potassium  recorded  at  R-9  (Table  3-6).  The  maximum  potassium 
concentration  recorded  was  3.52  mg/1  (R-20,  February  1979,  Table  A-5); 
the  lowest  was  1.24  mg/1  at  R-21  (August  1978,  Table  A-2).  Generally, 
the  lowest  potassium  concentrations  were  observed  in  August  1978 
(Table  A-2)  ai.d  the  highest  in  February  1979  (Table  A-5). 

Demopolis  Lake  had  the  highest  grand  average  for  potassium,  2.34 
mg/1  (Table  3-9).  The  Tombigbee  River  had  2.15  mg/1  (Table  3-8)  on 
the  average.  The  Lower  Black  Warrior  River  (Table  3-7)  had  the  second 
highest  average  2.23  mg/1  and  Warrior  Lake  the  lowest  average,  2.14 
mg/1  (Table  3-6).  The  August  1978  and  August  1979  trips  (Tables  A-2 
and  A-9,  respectively)  showed  higher  potassium  values  in  the  Black 
Warrior  River  basin  than  the  Tombigbee  River  basin.  The  opposite 
situation  occurred  during  the  February  collection  (Table  A-5). 

However,  as  previously  stated,  the  differences  are  very  small  making 
potassium  the  most  equally  distributed  element  between  the  river  basins. 

Sodium.  Sodium  concentrations  varied  about  30%  between  both 
seasons  and  river  sections.  The  highest  average  sodium  concentration, 
9.63  mg/1,  was  observed  at  R-16  (Table  3-7).  The  lowest  average,  5.46 
mg/1,  occurred  at  R-18  (Table  3-8).  The  maximum  sodium  value  recorded 
was  11.40  mg/1  (R-6,  Table  A-2);  the  minimum,  0.68  mg/1,  was  recorded 
at  R-9  (Table  A-2).  Both  values  were  recorded  during  August  1978. 
Overall,  the  minimum  sodium  levels  were  observed  in  February  1979  (Table 
A-5)  and  the  maximum  in  August  1978  (Table  A-2). 
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Warrior  Lake  and  the  Lower  Black  Warrior  River  had  the  highest 
average  sodium  levels,  9.23  mg/1  (Table  3-6_  and  9.30  mg/1  (Table  3-7), 
respectively.  The  Tombigbee  River  was  approximately  40%  lower,  with  a 
grand  average  of  5.98  mg/1  (Table  3-8).  Demopolis  Lake  had  an  average 
sodium  concentration  of  6.63  mg/1  (Table  309).  These  results  show  only 
moderate  variation  between  the  river  sections,  with  seasonal  variations 
being  more  noticeable. 

Dissolved  Sulfates.  Sulfates  showed  a  greater  seasonal  variation,  up 
to  200%,  than  any  of  the  other  ions  investigated.  The  greatest  average 
sulfate  value  observed  was  47  mg/1  (R-1  through  R-4,  Table  3-6).  The  lowest 
average  sulfate  value  was  7  mg/1  (R-20,  Table  3-8).  The  maximum  concentra¬ 
tion  of  sulfate  recorded  was  65  mg/1  at  R-7  in  October  1979  (Table  A-10). 

The  minimum  sulfate  level,  1  mg/1,  was  recorded  at  R-20  in  August  1979 
(Table  A-9).  Considering  all  stations,  the  lowest  sulfate  concentrations 
were  observed  in  May  1979  (Table  A-6)  and  the  highest  in  October  1979 
(Table  A-10). 

Sulfate  values  were  the  highest  in  Warrior  Lake,  averaging  44  mg/1 
for  the  study  period  (Table  3-6).  The  sulfate  levels  fell  off  slightly 
in  the  Lower  Black  Warrior  River,  with  a  grand  average  of  39  mg/1  (Table 
3-7).  The  Tombigbee  River  had  the  lowest  average  sulfate  level,  8  mg/1 
(Table  3-8).  Demopolis  Lake  had  an  intermediate  sulfate  average,  27  mg/1 
(Table  3-9).  These  results  indicate  a  much  greater  variation  in  sulfate 
levels  between  river  basins  than  between  seasons. 

Sulfides.  Sulfide  was  an  unusual  parameter  in  that  it  was  often 
below  detectable  limits  (0.01  -  0.02  mg/1)  but  was  occaionally  quite 
high.  The  station  with  the  highest  average  sulfide  level  was  R-3  which 
had  an  average  of  0.8  mg/1  (Table  3-6).  The  lowest  average  sulfide  was 
0.1  mg/1  recorded  at  stations  in  all  river  sections  except  the  Tombigbee 
River  (see  Tables  3-6  through  3-9).  As  stated,  the  lowest  sulfide  con¬ 
centration  measured  was  non-detectable  (<0.01  mg/1),  which  occurred  at 
every  station  on  several  occasions  (Appendix  A).  Overall,  the  lowest 
sulfide  levels  were  in  October  1978  (Table  A-3),  February  1979  (Table 
A-5)  and  May  1979  (Table  A-6)  when  all  stations  had  <0.01  mg/1  sulfide. 

June  1979  (Table  A-7)  and  October  1979  (Table  A-10)  had  over  90%  cf 
the  stations  with  <0.01  mg/1  sulfide.  However,  June  1979  also  recorded 
the  highest  sulfide  concentration,  5.8  mg/1,  at  R-3  (Table  A-7). 

(Note:  The  second  highest  sulfide  level  was  also  recorded  in  June  1979, 

4.6  mg/1  at  R-13,  this  was  100%  larger  than  the  next  highest  value  2.1 
mg/1  recorded  R-1  in  August  1978,  see  Table  A-2).  August  1978  had  the 
highest  overall  sulfide  values  (Table  A-2). 

The  grand  averages  of  the  river  sections  showed  very  little  variation 
between  them.  The  Black  Warrior  River  and  the  Tombigbee  River  had  equal 
averages,  0.3  mg/1  (Table  3-6,  3-7  and  3-8).  Demopolis  was  slightly 
lower  having  an  average  of  0.2  mg/1  (Table  3-9).  Thus,  sulfide  con¬ 
centrations  were  much  more  variable  between  seasons  than  between  river 
secti ons . 

Total  Filterable  Residue  (Dissolved  Solids).  Levels  of  dissolved 
solids  were  relatively  stable  within  each  river section  but  had  a  moderate 
amount  of  'asonal  variation.  The  highest  average  amount  of  dissolved 
solids  occ«,red  at  R-15  (180  mg/1 ,  Table  3-7).  R-17  had  the  lowest 

average  dissolved  solids  level,  76  mg/1.  The  maximum  dissolved  solids 
concentration  was  903  mg/1,  recorded  at  R-15  in  May  1979  (Table  A-6); 
the  minimum  was  20  mg/1  at  R-10  in  May  1979  (Table  5).  The  highest 
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overall  dissolved  solids  levels  were  observed  in  October  1979  (Table 
A-10)  and  the  lowest  in  May  1979  (Table  A-6). 

The  Black  Warrior  River  had  the  highest  average  dissolved  solids 
levels  of  the  river  sections.  The  Lower  Black  Warrior  River  had  the 
highest  average,  122  mg/1  (Table  3-7).  Warrior  Lake  had  a  slightly 
lower  value,  113  mg/ l  (Table  3-6).  Demopolis  Lake,  with  an  average  of 
111  mg/1  (Table  3-9),  fell  just  between  the  Black  Wai  rior  and  the  Tom- 
bigbee  River  which  had  the  lowest  average,  91  mg/1  (Table  3-8). 

Total  Non-filterable  Residue  (Suspended  Solids).  Suspended  solids 
evidenced  much  greater  variation  than  dissolved  sol  ids.  R-19  had  the 
highest  average  suspended  solids  load,  78  mg/1  (Table  3-8).  The  lowest 
average  suspended  solids  level,  8  mg/1,  was  observed  at  R-1  (Table  3-6). 
The  single  highest  suspended  solids  concentration  was  330  mg/ i , 
recorded  at  R-20  in  February  1979  (Table  A- 5).  The  minimum  suspended 
solids  concentration  was  <1  mg/1,  recorded  at  R-13  in  October  1978 
(Table  A-3).  The  highest  monthly  suspended  solids  loads  were  observed 
in  February  1979  (Table  A-5);  the  lowest  were  in  October  1978  (Table 
.A-3). 


The  Tombigbee  River  had  the  highest  grand  average  for  suspended 
solids,  61  mg/1  (Table  3-8).  The  Lower  Black  Warrior  and  Demopolis 
Lake  had  equal  levels,  28  mg/1  (Table  3-7  and  3-9,  respectively).  War¬ 
rior  Lake  carried  the  lowest  average  suspended  solids  loading,  16 
mg/1  (Table  3-6).  These  results  show  extreme  variations  in  suspended 
solids  loading,  both  between  seasons  (the  greatest  variation)  and 
between  river  sections. 

Free  Carbon  Dioxide  (Calculated).  Average  values  for  free  carbon 
dioxide  (CO2),  show  little  variation  between  river  sections,  but  rather 
■'arge  variations  between  seasons.  The  station  with  the  highest  average 
CO2,  7.5  mg/1 ,  was  R-1  (Table  3-6).  R-19  had  the  lowest  average  CC2, 

2.4  mg/1  (Table  3-7).  The  highest  recorded  CO2  level  was  34  mg/1  at 
R-5  in  July  1978  (Table  A-1).  The  lowest  CO2  was  <0.1  mg/1,  recorded 
at  R-5  in  October  1978  (Table  A-3).  October  1979  also  had  the  overall 
lowest  COi  values.  The  highest  CO2  values  for  the  blidv  were  observed 
I’n  February  1979  (Table  A-5). 

Warrior  Lake  had  the  highest  grand  average  for  CO2,  4.6  mg/1 
(Table  3-6).  The  Lower  Black  Warrior  River  had  slightly  lower 
concentration  of  CO2,  with  a  study  period  average  of  4.2  mg/1  (Table 
3-7).  Demopolis  had  an  average  of  3.6  mg/1  (Table  3-8)  and  the  Tom¬ 
bigbee  was  consistently  the  lowest,  with  an  average  of  3.2  mg/1  (Table 
3-9).  These  variations  between  sections  are  minor,  compared  to  the 
larger  variations  which  were  observed  between  seasons. 

3. 1.1.4  Nutrients 


Nutrients,  as  defined  in  this  section,  are  confined  to  various 
components  and  compounds  considered  in  the  nitrogen  series,  dissolved 
orthophosphate  and  total  phosphorus.  Summarized  data  for  nutrient 
concentrations  are  found  in  Tables  3-10  through  3-13  in  this  section. 
Raw  data  from  the  monthly  samplings  are  found  in  Appendix  A. 

Ammonia.  Concentrations  of  ammonia  had  considerable  seasonal 
variation  with  only  minor  variation  within  and  between  sections.  R-15 
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River,  Stations  R-22  and  R-23  (Demopoli 
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Orthophosphate  O-Ohl 
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had  the  highest  average  ammonia  level,  0.36  mg/1  (Table  3-11).  The 
lowest  average  ammonia  level,  0.09  mg/1,  occurred  at  R-6  (Table  3-10) 
and  R-20  (Table  3-12).  The  maximum  ammonia  concentration  observed  during 
the  study  was  0.35  mg/1  at  R-13  in  February  1979  (Table  A-5).  The 
minimum  ammonia  concentration  was  non-detectable  (<0.01  or  <0.03  mg/1 
depending  on  month)  which  was  recorded  at  several  Lower  Black  Warrior 
River  and  Tombigbee  River  stations  during  July  and  August  1978  (Tables 
A-1  and  A-2).  Considering  all  stations,  the  lowest  ammonia  levels  were 
observed  in  August  1978  (Table  A-2)  and  the  highest  in  July  1979  (Table 
A-8). 


On  the  average,  the  river  sections  were  close  in  their  ammonia 
concentrations.  The  Lower  Black  Warrior  River  had  the  highest  grand 
average,  0.13  mg/1  (Table  3-11).  Warrior  Lake,  the  Tombigbee  River 
and  Oemopolis  Lake  averaged  0.11  mg/1  (Tables  3-10,  3-12  and  3-13, 
respectively).  These  results  indicate  a  seasonal  variation  for  ammonia 
approaching  3  orders  of  magnitude  with  only  moderate  differences  exist¬ 
ing  in  yearly  averages  between  the  river  sections. 

Nitrate-Nitrite.  Levels  of  nitrate-nitrite-nitrogen  were  as 
variable  by  season  as  ammonia  and  they  had  a  greater  variation  by 
river  section.  R-4  had  the  highest  average  concentration  of  nitrate- 
nitrite,  0.67  mg/1  (Table  3-10).  The  lowest  average  nitrate-nitrite 
level,  0.18  mg/1,  occurred  at  R-18  and  R-19  (Table  3-12).  The  maximum 
nitrate-nitrite  concentration  recorded  during  the  study  was  1.20  mg/1 
at  R-13  during  June  1979  (Table  A-7).  The  minimum  nitrate-nitrite 
level  observed  was  <0.01  mg/1  (R-19  and  R-20,  Table  3-12).  June  1979 
(Table  A-7),  showed  the  highest  monthly  nitrate-nitrite  values  while 
the  lowest  occurred  in  October  1979  (Table  A-3). 

Warrior  Lake  had  the  highest  grand  average  nitrate-nitrite  value, 
0.58  mg/1  (Table  3-10)  and  the  Lower  Black  Warrior  had  a  slightly 
smaller  average,  0.51  mg/1  (Table  3-11).  The  Tombigbee  River  had  the 
lowest  study  period  average,  0.21  mg/1  (Table  3-12)  with  Oemopolis 
Lake  having  an  intermediate  average,  0.42  mg/1  (Table  3-13).  Thus, 
nitrate-nitrite  had  both  large  seasonal  and  river  section  variations. 

Total  Kjeldahl  Nitrogen.  Trends  of  total  Kjeldahl  nitrogen  (TKN) 
were  different  than  those  exhibited  by  the  othe  nitrogenous  compounds. 
The  station  with  the  highest  average  TKN  was  R-19  with  0.87  mg/1 
(Table  3-12).  R-10  had  the  lowest  average  TKN,  0.37  mg/1  (Table  3-11). 

The  maxii.um  TKN  concentration  was  1.80  mg/1,  recorded  R-20  in  February 
1979  (Table  A-5);  the  minimum  was  0.10  mg/1  recorded  at  several  stations 
in  the  Black  Warrio’-  River  during  several  months  (Appendix  A).  The 
month  with  the  lowest  TKN  levels  was  August  1978  (Table  A-2).  The 
highest  overall  TKN  concentrations  were  oDserved  in  May  1979  (Table 
A-6). 


TKN  levels  were  the  highest  in  the  Tombigbee  River,  which  had  a 
study  per-*od  average  of  0.74  mg/1  (Table  3-12).  Oemopolis  Lake  was 
slightly  lower  with  an  average  of  0.63  mg/1  TKN.  Warrior  Lake  had  an 
average  of  almos.  50%  less  TKN  than  the  Tombigbee  River  (0.44  mg/1,  Table 
3-10),  with  the  Lower  Black  Warrior  River  being  slightly  higher  (0.53 
mg/1,  Table  3-11).  These  results  indicate  high  levels  of  TKN,  with 
the  sectional  distribution  being  quite  different  than  that  of  anir.onia  or 
nitrate-ni trite-nitrogen. 
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Total  Inorganic  Nitrogen  (CaTcu1dted|.  Total  inorganic  nitrogen 
(TIN)  represents  tlie  sum  of  the  ammonia  nnrogen  and  nitrate-nitrite 
nitrogen  which  is  the  total  available  nitrogen  for  plant  growth  (U.S. 

EPA,  1978).  Due  to  the  method  of  calculation,  trends  for  TIN  generally 
followed  the  trends  of  the  major  component,  nitrate-nitrite. 

The  highest  average  TIN  level  observed  was  0.75  mg/1  at  R-1 
and  R-2  (Table  3-10);  the  lowest  was  0.25  mg/1  at  R-19  and  R-20  (Table 
3-12).  The  maximum  value  calculated  for  TIN  was  1.42  mg/1  at  R-23 
in  June  1979  (Table  A-7).  The  minimum  TIN  during  the  study  period 
(dismissing  the  summation  of  nondetectable  components)  was  0.01  mg/1 
at  R-20  in  August  1978  (Table  A-2).  TIN  levels  were  generally  the 
lowest  during  October  1978  (Table  A-3)  and  the  highest  during  June, 

1979  (Table  A-7). 

The  river  section  trends  for  average  TIN  values  are  parallel  to 
those  trends  for  nitrate-nitrite.  Warrior  Lake  had  the  highest  average, 
0.67  mg/1  (Table  3-10)  with  the  Lower  Black  Warrior  River  averaging 
slightly  less,  0.64  mg/1  (Table  3-11).  The  Tombigbee  River  had  a 
much  lower  average  TIN  (0.27  mg/1,  Table  3-12)  and  Demopolis  Lake 
showed  an  average  TIN  level  between  the  two  rivers,  0.53  mg/1  (Table 
3-13). 


Total  Organic  Nitrogen  (Calculated).  Total  organic  nitrogen  (TON) 
represents  the  concentration  of  TKN  minus  the  concentration  of  ammonia 
nitrogen.  TON,  then,  is  that  part  of  the  nitrogen  load  which  is 
oxidizable  and  would  be  a  nitrogenous  oxygen  demand. 

The  highest  average  TON  level  observed  during  the  study  was  0.80 
mg/1  at  R-19  (Table  3-12).  The  lowest  average  TON  was  observed  at 
R-8  (0.22  mg/1,  Table  3-10).  R-20  had  the  single  highest  TON  level, 

1.80  mg/1,  recorded  in  February  1979  (Table  A-5).  The  minimum  TON 
level  observed  during  the  study,  which  was  <0.10  mg/1 ,  occurred  at 
several  Black  Warrior  River  and  Demopolis  Lake  stations  during  August 
1978  (Table  A-2),  October  1978  (Table  A-3),  February  1979  (Table  A-5) 
and  June  1979  (Table  A-7).  Considering  all  stations  during  a  month,  October 

1978  (Table  A-3)  recorded  the  lowest  TON  values  while  May  1979  had  the 
highest  values  for  the  Black  Warrior  River  (Table  A-6)  and  February 

1979  (Table  A-5)  had  the  highest  TON  levels  on  the  Tombigbee  River. 

Trends  for  river  sections  distirubiton  of  TON  were  generally 
similar  to  trends  set  by  TKN  levels.  The  Tombigbee  River  had  the 
highest  average  TON  level,  0.66  mg/1  (Table  3-12).  Warrior  Lake  had 
the  lowest  average  TON  level,  0.32  mg/1  (Table  3-10)  with  the  Lower 
Black  Warrior  River  having  a  30%  higher  average  TON  loading,  0.42  mg/1 
(Table  3-11).  Demopolis  Lake  had  an  average  TON  between  the  values 
for  the  two  rivers,  0.47  mg/1  (Table  R-13).  These  data  indicate  a 
distribution  of  oxidizable  nitrogen  which  varies  extensively  by  season 
and  river  section  and  closely  follows  the  average  concentration  of  TKN. 

Total  Nitrogen  (Calculated).  The  levels  of  total  nitrogen  (TN) 
were  calculated  by  summing  the  TIN  and  TON  calculated  values  at  each 
station.  The  highest  average  TN  level  observed  during  the  study  was 
1.2  mg/1  at  R-16  (Table  3-11).  The  lowest  average  TN  level  observed 
was  0.8  mg/1  which  occurred  most  frequently  in  the  Tombigbee  River 
(Table  3-12).  The  maximum  TN  concentration  observed  during  the  study, 

2.4  mg/1 ,  was  recorded  at  R-16  in  May  1979  (Table  A-6);  the  minimum. 


0.2  mg/1  occurred  at  several  Tombigbee  River  stations  In  October  1978 
(Table  A-3). 

Warrior  Lake,  the  Lower  Black  Warrior  River  and  Demopolis  Lake 
had  equal  average  TN  values.  1.0  mg/1  (Tables  3-10,  3-11  and  3-13). 

The  Tombigbee  River  averaged  0.9  mg/1  TN  (Table  3-12).  These  results 
show  that,  despite  seasonal  and  spatial  variations,  the  two  rivers 
were  receiving  approximately  equal  total  nitrogen  loadings,  while  the 
forms  varied  extensively. 

Dissolved  Orthophosphate.  Concentrations  of  dissolved  ortho- 
phosphates  (ortho-P)  exhibited  extreme  variations  between  stations, 
seasons  and  river  sections.  R-3,  on  Lake  Warrior,  had  the  highest 
average  ortho-P  level,  0.16  mg/1  (Table  3-10).  The  lowest  average 
ortho-P  concentration  recorded  during  the  study,  0.011  mg/1,  occurred 
at  R-8  (Table  3-10)  and  R-13  (Table  3-11).  The  maximum  ortho-P  con¬ 
centration  observed  was  0.272  mg/1  (R-18,  May  1979,  Table  A-6);  the 
minimum,  <0.001  mg/1 ,  was  recorded  at  stations  in  all  river  sections 
(see  Table  3-10  through  3-13),  primarily  during  July  and  August  1978 
(Tables  A-1  and  A-2,  respectively).  May  1979  had  the  overall  highest 
ortho-P  values  (Table  A-6)  while  July  1978  (Table  A-1)  had  the  overall 
lowest  ortho-P  concentrations. 

The  Tombigbee  River  showed  the  highest  study  period  average, 

0.046  mg/1  (Table  3-12).  The  Upper  Black  Warrior  River  had  higher 
average  levels  of  ortho-P  than  did  the  lower  Black  Warrior  Rii/er,  with 
0.035  and  0.015  being  the  respective  average  levels  (Tables  3-10  and 
3-11,  respectively).  Demopolis  Lake  had  an  average  orthc-P  concentra¬ 
tion  of  0.037  mg/1  (Table  3-13),  a  value  falling  between  the  levels 
of  the  two  rivers.  Thus,  ortho-P  had  widely  varying  concentrations 
between  seasons  and  river  basins. 


Total  Phosphorus.  Total  phosphorus  concentrations  were  much 
higher  than  ortho-P  levels,  but  showed  similar  variations.  The  highest 
average  phosphorus  concentration  was  0.250  mg/1,  observed  at  r<  -l/  and 
R-18  (Table  3-12).  The  lowest  average  phosphorus  level  was  0,035 
mg/1  (R-3:,  Table  3-lC).  The  maximum  concentration  of  phosphorus 
observed  during  the  study  was  0.650  mg/1  recorded  at  R-13  in  June  1979 
(Table  A-7;  note  that  this  is  an  unusually  high  value  for  that  month). 
The  minimum  observed  level  for  phosphorus  was  0.010  mg/1 ,  recorded  in 
the  Black  Warrior  River  and  Lake  Demopolis  on  several  occasions  (see 
Appendix  A).  Overall  the  lowest  phosphorus  levels  occurred  in  July 
1979  (Table  A-1)  and  the  highest  levels  were  in  February  1979  (Table 
A-5). 

The  Tombigbee  River  had  the  highest  average  phosphorus  levels, 
0.180  mg/1  (Table  3-12).  Warrior  Lake  was  lower  in  total  phosphorus 
than  the  Lower  Black  Warrior  River  with  the  average  levels  being  0.055 
mg/1  (Table  3-10)  and  0.092  mg/1  (Table  3-11),  respectively.  Demopolis 
Lake  averaged  somewhat  higher  than  the  Black  Warrior  River,  0.110  mg/1 
(Table  3-13).  The  patterns  in  the  distribution  of  phosphorus  between 
the  river  basins  is  similar  to  that  of  ortho-P  with  the  average  values 
being  up  to  100%  greater  for  total  phosphorus. 

3.1. 1.5  Heavy  Metals 

Summarized  in  this  section  are  the  results  of  heavy  metal  analyses 
performed  on  water  samples  on  monthly  or  quarterly  bases.  Table  3-14 
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through  3-17  present  the  summarized  data.  Raw  data  f'^r  tiie  individual 
samplings  are  found  in  Appendix  A. 

Dissolved  Iron.  Trends  for  concentrations  of  disso'’ved  iron  showed 
extreme  variations  between  river  sections  and  seasons.  The  highest 
average  concentration  for  dissolved  iron  was  352  ug/1  at  R-18  (Table 
3-16)  R-2  had  the  lowest  average  dissolved  iron,  58  vg/1  ('.able  3-14). 

The  single  highest  dissolved  iron  concentration  war.  882  ^jg/l ,  recorded 
at  R-18  in  February  1979  (Table  A-5).  Because  of  the  variable  detec¬ 
tion  limit  for  dissolved  iron,  the  lowest  concentration  is  a  "less  _ 

than"  value  which  was  recorded  for  several  stations  in  both  sections  p 

of  the  Black  Warrior  River  and  in  the  Totnbigbee  aurin!  sevt;ral  ^ronths 
(see  Tables  3-14,  3-15,  3-17  and  Appendix  A).  Generally,  the  highest 
values  were  recorded  in  February,  1979  (Table  A-5)  and  the  lowest 
were  during  August  1979  (Table  A-9)  when  most  stations  showed  non- 
detectable  dissolved  iron  concentrations. 

The  Tombigbee  River  had  the  highest  average  levels  of  dissolved 
iron,  260  yg/1  (Table  3-16),  Demopolis  Lake  had  the  second  highest 
level,  an  average  of  115  pg/l  dissolved  iron  (Table  3-17).  Warrior 
Lake  had  the  lowest  average  value,  78  yg/1  (Table  3-14)  with  the 
Lower  Black  Warrior  River  averaging  slightly  higher,  96  yg/1  (Table 
3-15).  Thus,  the  results  for  dissolved  iron  showed  both  extreme 
seasonal  variation,  up  to  300%,  and  a  river  basin  variation  of  ap¬ 
proximately  the  same  magnitude. 

Total  Iron.  The  concentrations  of  total  iron  showed  the  same 
general  trend  of  seasonal  and  spatial  variation  as  dissolved  iron.  Sta¬ 
tion  R-19  nad  the  highest  average  concentration  of  total  iron,  3.77 
mg/1  (Table  3-16).  The  lowest  average  concentration  was  0.45  mg/1, 
recorded  at  R-1  (Table  3-14).  The  single  highest  total  iron  level  was 
18.40  mg/1 ,  observed  at  R-19  in  February  1979  (Table  A-5);  the  lowest 
was  at  R-1  (0.18  mg/1,  August  1978,  Table  A-2).  Generally,  the  highest 
total  iron  levels  were  observed  in  February  1979  (Table  A-S).  While 
August  1979  (Table  A-9)  may  show  the  lowest  overall  values  for  total 
iron,  it  should  be  noted  that  this  "base  level"  appeared  (with  about 
25%  variation)  on  several  occasions. 

The  Tombigbee  River,  with  a  grand  average  of  3.37  mg/l  (Table 
3-16),  had  the  greatest  constant  concentrations  of  total  iron.  Warrior 
Lake  had  the  lowest  average  levels  of  total  iron,  0.87  mg/l  (Table 
3-14).  The  Lower  Black  Warrior  River  had  a  slight  increase  in 
average  total  iron  concentration  with  1.39  mg/l  being  the  average  for 
the  study  period  (Table  3-15).  Demopolis  Lake  had  a  value  intermediate 
of  the  two  rivers,  1.80  mg/l  (Table  3-17).  The  results  for  total  iron 
indicate  that  iron  distributions  in  study  area  (both  total  and  dis¬ 
solved  iron)  have  drastic  seasonal  fluctuations,  with  the  Tombigbee 
River  carrying  a  consistently  higher  iron  loading  than  the  Black 
Warrior  River. 

Dissolved  Manganese.  Concentrations  of  dissolved  manganese  showed 
markedly  different  trends  from  the  trends  of  iron  in  the  study  area. 

R-1  had  the  highest  average  levels  of  dissolved  manganese,  128  yg/1, 

(Table  3-14).  The  lowest  average  level  of  dissolved  manganese,  22  yg/1, 
occurred  at  R-21  (Table  3-16).  The  maximum  single  concentration  of 
dissolved  manganese,  419  mg/l,  occurred  at  R-10  in  February  1979  (Table 
A-5).  The  minimum  value,  non-detectable  (with  a  variable  lower  limit), 
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was  recorded  at  every  station  at  least  twice,  most  notably  in  June 
and  July  1979  (Tables  A-7  and  A-8,  respectively)  when  all  stations 
showed  <50  yg/1 .  Overall,  the  highest  values  were  recorded  in  February 
1979  (Table  A-5)  and,  as  noted,  the  lowest  in  the  summer  of  1979. 

Warrior  Lake  had  the  highest  average  dissolved  manganese  level 
103  yg/1  (Table  3-14).  The  Lower  Black  Warrior  River  had  an  average 
slightly  less  than  the  upper  section,  84  yg/1  (Table  3-15).  The  Tom- 
bigbee  River  had  the  minimum  average,  26  yg/1  (Table  3-16).  Demopoli 
Lake,  with  a  study  period  average  of  42  yg/1  dissolved  manganese,  fell 
between  the  two  river  levels.  Thus,  the  Black  Warrior  River  carried 
higher  dissolved  manganese  loadings  which  showed  extreme  seasonal 
variations,  and  the  Tombigbee  River  was  much  lower,  both  in  loading 
and  in  variation. 

Total  Manganese.  Total  manganese  concentrations  were  much  more 
similar  between  the  river  sections  than  was  dissolved  manganese.  The 
highest  average  total  manganese  level  was  209  yg/1  at  R-5  (Table  3-14). 
The  lowest  avr'^age  total  manganese  was  84  yg/1  at  R-21  (Table  3-16). 

The  maximum  to'  manganese  level  observed  during  the  study  was  720 
yg/1  at  R-14  in  February  1979  (Table  A-5).  The  lowest  total  manganese 
concentrations  observed  was  <10  yg/1  at  R-19  in  August  1978  (Table  A-2) 
Several  other  instances  of  "less  than"  levels  were  observed,  but  con¬ 
ditions  during  this  month  allowed  for  detection  of  the  minimum 
concentrations.  Overall,  the  lowest  total  manganese  concentrations 
apparently  in  July  1979  and  August  1979  (Tables  A-8  and  A-9,  re¬ 
spectively).  The  maximum  levels  of  total  manganese  occurred  in  the 
whole  study  area  during  February  1979  (Table  A-5). 

As  with  dissolved  manganese.  Warrior  Lake,  with  166  yg/1  (Table 
3-14),  had  the  highest  average  total  manganese  levels.  The  Lower 
Black  Warrior  River  showed  a  slightly  lower  average  141  yg/1  (Table 
3-15).  The  Tombigbee  River  had  very  much  lower  average  total 
manganese  levels  than  the  Black  Warrior  River  with  the  grand  avevage 
being  108  yg/1  (Table  3-16).  Demopolis  Lake  had  the  same  average, 

108  yg/1  (Table  3-17).  Thus,  total  manganese  had  much  closer  average 
values  between  the  river  sections,  while  seasonal  fluctuations  were 
just  as  great  as  for  dissolved  manganese. 

Total  Zinc.  Total  zinc  levels  in  the  Middle  Black  Warrior- 
Tombigbee  Rivers  showed  little  variations  between  the  river  basins. 
However,  seasonal  fluctuations  were  as  great  as  1000%.  The  highest 
average  level  of  zinc  was  178  yg/1,  recorded  at  R-12  (Table  3-15). 

R-19  had  the  lowest  average  zinc  concentration,  40  yg/1  (Table  3-16). 
The  maximum  zinc  level,  896  yg/1,  was  recorded  at  R-4  in  October  1978 
(Table  A-3).  The  minimum  value  observed  during  the  study,  <10  yg/1 
was  recorded  at  every  station  at  least  once.  The  overall  lowest  zinc 
levels  were  observed  during  June  1979  (Table  A-7)  and  August  1979 
(Table  A-9)  when  approximately  75%  of  the  stations  had  <10  yg/1  zinc. 
October  1978  had  the  over  11  highest  concentrations  of  zinc  (Table 
A-5). 


The  range  between  river  sections  for  average  zinc  concentrations 
was  very  small,  13  ig/l.  Warrior  Lake  averaged  83  yg/1  (Table  3-14), 
the  Lower  Black  Warrior  River  averaged  slightly  greater,  89  yq/l  zinc, 
which  was  the  highest  average  for  a  river  section  (Table  3-15).  The 
Tombigbee  River  had  the  lowest  average  zinc  concentration,  76  yg/1 


u 


(Table  3-16).  Demopolis  Lake  had  an  average  of  84  pg/1  zinc  for  the 
study  period.  Zinc  concentrations  were  much  more  consistent,  on  the 
average,  between  the  river  sections  than  any  other  heavy  metal  studied. 
However,  zinc  did  display  extreme  seasonal  variations. 

Table  3-18  presents  a  summary  of  these  analyses  as  performed 
on  the  samples  from  the  Middle  Blacic  Warrior  and  Tombigbee  Rivers. 
Precision  data  showed  very  good  reproductibility  for  titration  analyses 
(e.g.,  chlorides  with  an  average  range  of  0.35  mg/1),  automated 
analyses  with  the  Technicon  Autoanalyzer  (e.g.  TKN  with  a  range  and 
standard  deviation  of  0.2  mg/1)  and  manual  analyses  such  a  turbidity. 
The  atomic  absorption  (AA)  analyses  (e.g.  total  and  dissolved  iron, 
zinc)  showed  much  higher  ranges,  however,  average  accuracies  were  very 
good  for  these  same  parameters.  This  is  not  an  unusual  occurrence 
for  AA  analyses  at  the  low-levels  which  occurred  during  this  study. 
Accuracy  data  also  showed  that  the  automated  analyses  (i.e.  nitrogen 
series  on  the  Technicon)  and  instrument  analyses  such  as  carbon 
analyses,  had  a  very  good  record  of  performance  for  the  study. 

The  QC  analyses  performed  during  this  study,  gave  the  data  an 
overall  more  valid  stance  since  it  allowed  for  rapid  assessment  of 
the  validity  of  the  data  being  produced.  Although  not  shown  on 
Table  3-18,  several  series  of  analyses  were  rejected  as  being  "out 
of  control"  and  were  repeated.  Most  notably,  this  happened  on  a 
few  occasions  with  total  non-filterable  residue  and  dissolved  organic 
carbon.  In  July  1979  TKN  analyses  were  repeated  four  times  trying 
to  bring  them  "in-control"  according  to  the  Shewhart  charts.  Finally, 
before  reproducible  results  were  obtained,  samples  had  exceeded  their 
holding  time  and  were  not  reported.  Thus,  the  QC  procedures  utilized 
for  this  project  allowed  for  reporting  only  data  which  met  statistical 
validity  for  the  analyzing  laboratory. 

3.1.2  Sediment  Analyses 

3. 1.2.1  Grain  Size  Analysis 

Two  sediment  grain  size  analyses  were  performed  during  this 
study  as  shown  in  Table  1-6.  The  results  of  these  analyses  are 
presented  in  tabular  form  in  Appendix  H  and  are  summarized  in  Table 
3-19.  Appendix  I  contains  a  graphic  presentation  of  the  grain  size 
distribution  at  each  station  (Table  3-18). 

The  results  of  the  two  annual  analyses  indicate  that  some  sections 
experienced  a  shift  in  sediment  grain  size  distribution  (see  3. 1.1.1 
for  a  description  of  the  river  sections  within  the  study  area).  War¬ 
rior  Lake  stations  had  a  shift  in  average  composition  which  represented 
a  redistribution  of  sands  and  the  addition  of  some  clay  materials. 
However,  these  changes  were  not  severe  enough  to  change  the  general 
sediment  classification  for  the  section,  although  several  stations  did 
have  a  reduced  gravel  content  (see  Tables  H-1  and  H-2).  A  similar 
redistribution  of  the  sand  and  fine  content  shifted  the  general  clas¬ 
sification  of  the  Lower  Black  Warrior  River  in  1979  from  loamy  sand 
to  sandy  loam  (Table  3-19).  Thus,  the  Black  Warrior  River  experienced 
only  minor  changes  in  the  grain  size  distribution.  In  contrast, 
the  Tombigbee  River  and  Demopolis  Lake  in  particular,  experienced 
much  larger  shifts  in  sediment  composition. 
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Table  3-18. 


Summary  of  Quality  Control  Data  for  Selected  Parameters, 
Middle  Black  Warrior  and  Tombigbee  Rivers,  July  1978 
through  October  1979. 


PARAMETER 

Precision^ 

Accuracy 

1 

n 

X 

a 

n 

- 

s 

Alkalinity 

43 

1.43 

2.96 

NOT 

REQUIRED 

Dissolved  Organic  Carbon 

33 

1.46 

2.20 

23 

105 

13 

Total  Organic  Carbon 

36 

1.18 

1.45 

27 

98 

9 

Chlorophyll  a 

28 

1.36 

1.93 

NOT 

REQUIRED 

Color,  True 

41 

1.05 

1.76 

NOT 

REQUIRED 

Fecal  Col i form 

41 

36.9 

121.9 

NOT 

REQUIRED 

Fecal  Streptococci 

41 

28.4 

41.29 

NOT 

REQUIRED 

Tot.  Filt.  Residue 

41 

12.32 

14.90 

NOT 

REQUIRED 

Tot.  Nonfilt.  Residue 

41 

4.38 

5.14 

NOT 

REQUIRED 

Turbidity 

44 

1.16 

1.93 

NOT 

REQUIRED 

Calcium,  Total 

13 

0.77 

0.52 

NOT 

REQUIRED 

Chlorides 

17 

0.35 

0.61 

NOT 

REQUIRED 

Dissolved  Iron 

43 

31.49 

35.18 

14 

116 

34 

Total  Iron 

44 

0.97 

4.64 

45 

106 

15 

Total  Magnesium 

13 

0.20 

0.30 

13 

93 

5 

Dissolved  Manganese 

41 

19.72 

68.45 

15 

96 

?4 

Total  Manganese 

36 

0.04 

0.05 

3'} 

106 

24 

Ammonia-N 

42 

0.02 

0.02 

35 

103 

5 

Nitrate-Nitrite-N 

42 

0.04 

1.75 

iOO 

5 

Total  Kjeldahl-N 

37 

0.17 

0.18 

31 

no 

21 

Dissolved  Orthophosphates 

41 

0.01 

0.01 

34 

95 

8 

Total  Phosphorus 

41 

0.01 

0.01 

30 

104 

14 

Total  Potassium 

13 

0.07 

0.06 

x3 

96 

7 

Total  Sodium 

13 

0.71 

0.99 

13 

97 

7 

Diss Jived  Sulfates 

38 

0.84 

1.15 

27 

98 

9 

Sulfides  (Total  S) 

41 

0.15 

0.50 

2 

104 

2 

Zinc 

39 

106.9 

334.7 

20 

102 

9 

Precision  is  represented  by  the  mean  of  the  range  of  duplicate 
analyses;  accuracy  by  the  mean  percent  recovery  of  a  known 
addition. 
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The  Tomblgbee  River  In  1978  had  the  general  cl ajssifl cation  of 
sandy  loam  (Table  3-19).  By  the  1979  sampling  this  had  changed  to 
gravelly  sandy  clay  loam.  This  change  was  chiefly  caused  by  the  In¬ 
creased  measurement  of  gravels  at  R-17  (Table  H-2)  and  an  Increase  In 
the  total  clay  content  at  R-19,  R-20  and  R-21  (Table  H-2).  No  clays 
were  present  In  the  1978  sample  (Table  H-1).  Oemopolls  Lake  also 
experienced  this  tremendous  Increase  In  clay  materials,  rising  from 
an  average  of  14*  clay  In  1978  (Table  H-1)  to  27*  In  1979  (Table 
H-2).  The  Increase  at  R-22  was  the  largest,  going  from  no  clays  In 
1978  to  36*  clay  In  1978  while  R-23  evidenced  a  small  decline  (Table 
H-1  and  H-2).  The  Tomblgbee  River  had  a  larger  sediment  deposit  In 
the  lower  reaches.  Including  Oemopolls  Lake,  In  1979  than  In  1978. 
This  was  accompanied  by  a  percentage  Increase  In  gravel  for  stations 
on  the  Tomblgbee  River.  In  comparison,  the  Black  Warrior  River 
sediment  composition  remained  relatively  unchanged  over  the  study 
period. 


3. 1.2. 2  Physical -Chemical  Analyses 

At  the  time  of  the  yearly  sediment  samplings  (Table  1-5),  several 
physical -chemical  tests  were  performed  (Table  1-6).  These  analyses 
Included  volatile  solids,  nutrients,  heavy  metals  and  pesticides. 
Tabular  presentations  of  the  results  are  found  In  Appendix  J. 

Miscellaneous  Parameters 

Volatile  Solids.  Levels  of  volatile  solids  In  sediments  remained 
relatively  unchanged  between  1978  and  1979  at  most  Black  Warrior  River 
stations,  while  the  Tomblgbee  River  showed  a  general  decrease  in 
volatile  solids  levels  and  Oemopolls  Lake  remained  essentially  the 
same.  The  highest  levefl  for  volatile  solids  In  Warrior  Lake  was 
30,000  mg/kg  in  1978  (R-8,  Table  J-1)  and  34,000  mg/kg  In  1979  (R-1, 
Table  J-3).  The  Lower  Black  Warrior  River  had  approximately  one- 
half  the  volatile  solids  level  as  the  upper  sections,  but  showed  a 
high  of  31,000  mg/kg  (R-16,  Table  J-1)  and  a  1979  high  of  22,000 
mg/kg  (R-24,  Table  J-3).  These  high  levels  are  typical  of  the  river 
section,  and  the  general  observation  of  the  upper  river  having  half 
the  volatile  solids  levels  of  the  lower  river  holds  true  (see  Tables 
J-1  and  J-3). 

The  Tomblgbee  River  had  the  overall  highest  volatile  solids  levels 
in  1978,  ranging  from  10,000  mg/kg  at  R-17  to  63,200  at  R-20  with  a 
steady  increase  between  those  stations  (Table  J-1).  This  trend 
was  not  present  in  1979,  however,  as  volatile  solids  levels  fluctuated 
between  9,890  mg/kg  and  41,000  mg/kg  (Table  J-3).  Oemopolls  Lake 
was  relatively  stable  during  the  one  year  study  period,  maintaining 
a  similar  average  value  (approximately  40,000  mg/kg,  although  the 
stations  In  which  showed  the  maximum  levels  reversed  (Table  J-1  and 
J-3).  Overall,  the  levels  of  sediment-associated  volatile  solids 
fluctuated  with  river  section. 

Oil  and  Grease.  The  sediment  levels  of  oil  and  grease  did  not 
exhibit  any  trends  or  patterns  according  to  river  sections  or  seasonal 
change  In  levels.  One  consistent  observation  Is  that  the  highest 
sediment-associated  levels  of  oil  and  grease  were  recorded  at  R-1 
during  both  years  (216  mg/kg  in  1978,  Table  J-1;  and  135  mg/kg  In 
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1979*  Table  1-3).  During  both  years  the  Tomblgbee  River  showed  values 
about  SOX  lower  on  the  average  than  the  Black  Warrior  River  (see 
Table  J-1  and  J-3).  R-21*  which  was  not  sanqsled  In  1978,  was  an 
exception  In  1979  when  It  rose  more  than  50%  over  the  nearer  r  Tomblg¬ 
bee  River  station  (R-2C,  47  mg/kg)  to  106  mg/kg  (Table  J-3).  Demopolls 
Lake  oil  and  grease  values  rose  sharply  In  August  1979  over  the  1978 
values,  which  had  a  1978  value  of  13  mg/kg,  was  52  mg/kg  In  1979 
(Table  0-1  and  J-3*  respectively).  The  <1  mg/kg  oil  and  grease 
level  at  R-23  In  1978  (Table  J-1)  had  been  replaced  by  51  nig/kg 
In  1979  (Table  J-3).  Therefore,  although  the  general  trend  at  about 
60X  of  the  stations  In  the  study  area  was  Increased  levels  of  oil 
and  grease  In  1979,  remaining  stations  showed  decreases  or  siable 
levels. 

Totel  Organic  Carbon.  As  with  volatile  solids*  total  organic 
carbon  (TOC)  showed  varying  patterns  over  the  study  period*  with  a 
general  trend  towards  decreased  levels  Irt  1979.  The  highest  value 
recorded  In  1978  was  38.4  g/kg  at  R-1  (Table  J-1).  The  high  In  1979* 
27.3  g/kg  was  also  recorded  at  R-1  (Table  J-3).  The  remaining 
stations  In  Warrior  Lake  were  much  lower  than  R-1  during  both  years* 
although  1978  values  were  consistently  higher  (Tables  J-1  and  J-3). 

The  Lower  Black  Warrior  River  had  approximately  equal  TOC  levels  as 
the  majority  of  stations  In  Warrior  Lake  during  each  sampling  with 
approximate  everages  being  8  g/kg  In  1978  and  3.5  g/kg  In  1979*  again 
showing  a  decrease  in  1979. 

The  Tomblgbee  River  varied  slightly  from  this  trend  by  having 
overall  lower  values  In  1978  than  In  1979.  The  highest  Tomblgbee 
River  values  were  12.5  g/ka  In  1978  (Table  J-1)  at  R-19  and  11.0  g/kg 
at  R-20  In  1979  (Table  J-3).  However,  the  other  Tomblgbee  River 
stations  were  higher  In  1979  by  0.7  to  7  times  (Tables  J-1  and  J-3). 
Demopolls  Lake  had  values  about  50%  lower  during  1979  than  during 
1978  (Table  J-1  and  J-3). 

Nutrients 

Total  Kjeldahl  Nitrogen.  Levels  of  total  KJeldahl  nitrogen  (TKN) 
In  sediments  were  relatively  evenly  distributed  over  the  entire  study 
area.  An  extreme  change  In  magnitude  was  observed  over  the  study 
period  with  levels  Increasing  up  to  500X  In  1979  over  the  1978 
levels.  The  average  level  In  Warrior  Lake  stations  In  1978  was  ap¬ 
proximately  100  mg/kg  (Table  J-1)  while  It  was  near  300  mg/kg  In  1979 
(Table  J-3).  The  Lower  Black  Warrior  River  TKN  levels  dropped  off 
about  50X  from  those  In  Warrior  Lake  during  each  year.  The  Tomblgbee 
River  showed  a  downstream  Increase  In  1978  (Table  J-1).  In  1979  this 
trend  occurred  again*  but  was  not  as  consistent  as  In  1978.  One 
consistent  observation  was  that  R-20  had  the  highest  TKN  during  each 
sampling:  295  mg/kg  In  1978  (Table  J-1)  and  686  mg/kg  In  1979  (Table 


mg/kg  at  R-22*  39  mg/kg  at  R-23*  Table  J-1)*  comparable  to  the  Lower 
Black  Warrior  River  levels.  In  1979*  these  levels  had  dramatically 
Increased  to  662  mg/kg  at  R-22  and  413  mg/kg  at  R-23  (Table  J-3). 
Thus*  while  distribution  patterns  were  fairly  stable  over  the  study 
period*  the  levels  Increased  dramatically  In  1979*  especially  the 
accumulation  noted  In  Demopolls  Lake. 
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Total  Phosphorus.  For  Warrior  Lake,  levels  of  phosphorus  were 
noticeably  reduced  during  1979  compared  to  1978  levels,  being  about 
20%  lower  overall.  There  was  no  large  variation  between  the  river 
sections  during  any  one  year  except  that  the  Tombigbee  River  showed 
higher  values  than  other  sections  In  1979.  The  Black  Warrior  River 
showed  relatively  stable  levels  of  sediment-associated  total  phosphorus 
during  each  year.  The  average  value  for  the  river  was  approximately 
250  mg/kg  In  1978  and  200  mg/kg  In  1979.  The  Tombigbee  River  was 
not  as  stable.  Total  phosphorus  levels  In  the  upper  reaches  of 
the  river  In  the  study  area  were  relatively  low  during  each  sampling 
(comparable  to  Black  Warrior  River  levels)  but  at  R-19  or  R-20  (depend¬ 
ing  on  the  year)  the  values  Increased  tremendously.  For  example. 

In  1978  R-18  was  273  mg/kg  and  R-19  was  504  mg/kg  (Table  J-1).  In 
1979,  R-19  was  291  mg/kg  and  R-20  was  467  mg/kg  (Table  J-3).  These 
elevated  levels  were  present  downstream  In  the  Tombigbee  River  and 
Demopolls  Lake.  The  highest  value  In  the  1978  sampling  was  673  mg/kg 
at  R-23;  In  1979  It  was  502  mg/kg  at  R-22  (Tables  J-1  and  J-3  re¬ 
spectively).  Thus,  the  only  consistent  observation  during  the  study 
was  the  high  level  of  sediment-associated  phosphorus  occurring  In 
Demopolls  Lake.  All  other  stations  and  river  sections  showed  fluctua¬ 
tions  In  sediment-associated  total  phosphorus,  with  the  general  decrease 
In  concentration  In  1979. 

Heavy  Metals 

Copper.  Sediment-associated  copper  levels  showed  definite  changes 
both  In  concentration  levels  between  samplings  and  concentration  levels 
In  the  river  sections.  The  Black  Warrior  River  had  relatively  low 
levels  of  copper  In  the  sediment  during  the  1978  sampling.  The  highest 
values  In  Warrior  Lake  during  this  trip  occurred  at  stations  R-5,  R-7 
and  R-8.  R-8  had  the  highest  value  for  the  section  at  4.64  mg/kg. 
Imnedlately  downstream  from  Warrior  Lock  and  Dam,  In  the  Lower  Black 
Warrior  River,  values  In  1978  were  below  1  mg/kg  and  rose  steadily 
to  the  highest  value  for  that  section  at  R-16,  6.22  mg/kg.  Copper 
levels  were  lower  on  the  Tombigbee  River  than  In  the  Black  Warrior 
River,  being  very  low  In  the  upper  reaches  and  Increasing  to  3.4  mg/kg 
by  Demopolls  Lake.  These  same  trends  of  high  and  low  values  occurred 
during  1979,  except  that  concentrations  were  higher.  For  example, 
the  high  at  R-8  In  1979  was  8.3  mg/kg  (Table  J-3)  and  10  mg/kg  was 
the  highest  single  level  of  sediment-associated  copper  observed  (R-6, 
Table  J-3).  The  trend  of  lower  values  below  Warrior  Lock  and  Dam  and 
in  the  Tombigbee  River  also  occurred  In  1979.  Demopolls  Lake  showed 
the  same  high  levels,  compared  to  the  other  sections.  In  1979  with 
9.4  mg/kg  at  R-22  being  the  highest  for  the  section. 

Thus,  concentrations  of  sediment-associated  copper  varied  widely 
between  river  sections  and  years.  Overall,  concentrations  In  1979  were 
much  higher,  up  to  500%,  than  the  1978  samples. 

Iron.  Sediment-associated  Iron  occurs  primarily  as  a  mineral 
constTIuent  In  the  sediment  materials.  Warrior  Lake  had  relatively 
high  Iron  values  during  both  samplings,  with  the  1979  values  being 
about  50%  greater  than  the  1978  values  (Tables  J-1  and  J-3).  The 
maximum  Iron  level  In  the  Warrior  Lake  section  was  observed  at  R-8  In 
both  years  with  mg/kg  In  1978  (Table  J-1)  and  20,000  mg/kg  In  1979 


(Table  J-3).  Below  Warrior  Lock  and  Dam  (R-10  and  R-12)  concentrations 
were  generally  lower  than  those  above  the  dam,  but  by  R-16  had  returned 
to  levels  comparable  with  the  upstream  stations.  Sediment  associated 
Iron  In  the  Tombigbee  River  was  approximately  at  the  same  concentrations 
as  Warrior  Lake  (see  Tables  J-1  and  J-3).  The  1979  values  for  Iron 
In  the  lower  reaches  of  the  Tombigbee  River  and  In  Demopolls  Lake 
were  much  higher  than  the  1978  levels  In  the  same  river  sections.  This 
was  especially  the  case  at  R-22  which  rose  from  1100  mg/kg  in  1978 
(Table  J-1)  to  21,000  mg/kg  In  1979  (Table  J-3). 

These  results  Indicate  a  relatively  stable  level  of  sediment- 
associated  Iron  In  the  Middle  Black  Warrior  and  Tombigbee  Rivers  during 
a  single  sampling.  The  only  marked  change  between  the  1978  and  1979 
samplings  was  the  rise  In  the  lower  reaches  of  the  Tombigbee  River 
and  Demopolls  Lake,  with  a  general  marked  rise  overall  noted  for  1979. 

Lead.  Sediment-associated  lead  appeared  to  have  stable  distributions 
during  the  study  period.  While  some  stations  showed  definite  Increases 
In  lead  levels  during  the  1979  samplings  over  1978  levels,  overall  the 
levels  remained  low  and  relatively  unvarying.  Warrior  Lake  had  consistent 
lead  levels  both  years  with  the  section  average  being  approximately  10 
mg/kg  each  year.  The  Lower  Black  Warrior  River  evidenced  a  distinct 
drop  In  lead  levels  below  Warrior  Lock  Dam  during  both  years  (see  R-10 
and  R-12  values.  Tables  J-1  and  J-3).  R-14  and  R-16  had  especially 
high  values,  13.5  mg/kg  and  15.8  mgAg*  respectively.  In  the  1978  sampl¬ 
ing  (Table  J-1)  which  were  not  present  In  the  1979  results  (Table  J-3). 

'''he  Tombigbee  River  sediment-associated  lead  levels  were  generally  lower 
than  the  Black  Warrior  River  lead  levels  In  1978  (Table  J-1).  In  1979 
the  Tombigbee  River  showed  some  marked  Increases  bringing  Tombigbee 
River  lead  levels  close  to  those  In  the  Black  Warrior  River  sediments. 

R-17  had  20  mg/kg  lead  (versus  3.0  mg/kg  lead  In  1978).  R-20  and  R-21 

In  the  lower  reaches  of  the  Ton4)1gbee  River  also  had  elevated  lead 
levels,  10  mg/kg  and  12  mg/kg,  respectively  (Table  J-3).  Demopolls 
Lake  did  not  show  this  Increase  In  1979.  The  average  for  lead  at  R-22 
and  R-23  was  essentially  the  same  during  both  years,  12  mg/kg.  Thus, 
lead  Is  a  relatively  stable  sediment  constituent  with  a  sporadic  varia¬ 
tion  between  sampling  years. 

Manoanesc.  Trends  for  manganese  varied  between  the  river  sections, 
but  In  dfd  show  a  general  decreasing  trend  at  most  stations.  Except 
for  R-1  and  R-2,  Warrior  Lake  had  relatively  high  values  In  1978,  averag¬ 
ing  about  600  mg/kg  manganese.  This  section  had  approximately  the  same 
average  In  1979,  although  the  concentrations  were  more  unevenly  distribut¬ 
ed.  For  example,  1978  manganese  values  at  R-3  and  R-4  (637  mg/kg  and 
570  mg/kg,  respectively.  Table  J-1)  had  shifted  to  lower  values  In  1979 
(Table  J-3)  with  a  concomitant  rise  InMoanganese  levels  (to  a  river  section 
maximum  of  760  mg/kg  at  R-6;  Table  J-3)  at  R-5  and  R-6.  The  Lower  Black 
Warrior  River  exhibited  similar  trends  between  samplings.  The  lower 
stations  In  this  section  (R-14  through  R-16)  decreased  In  manganese  while 
the  stations  Immediately  below  Warrior  Lock  and  Dam  gained  manganese 
(e.g.  R-12  rose  from  139  mg/kg  In  1978  to  270  mg/kg  In  1979,  see  Table 
J-1  and  J-3).  The  maximum  change  In  this  section  occurred  at  R-14 
which  decreased  from  the  overall  highest  value  for  1978,  862  mg/kg 
(Table  J-1),  to  310  mg/kg  In  1979  (Table  J-3).  The  Tombigbee  River 
showed  a  tremendous  accumulation  of  manganese  at  R-17,  from  76  mg/kg 
In  1978  (Table  J-1)  to  320  mg/kg  In  1979  (Table  J-3).  Overall,  the 
Tombigbee  River  In  Wj  had  a  slight  decrease  In  sediment  manganese 
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levels  from  the  1978  levels.  Demopolls  Lake  showed  an  overall  accumu¬ 
lation  of  manganese  In  1979  rising  from  an  average  (for  R-22  and  R-23) 
of  328  mg/kg  In  1978  (Table  J-1)  to  590  mg/kg  In  1979  (Table  J-3). 

Thus,  while  the  Black  Warrior  River  and  the  Tombigbee  River  showed, 
with  the  exception  noted  above,  an  overall  decrease  In  sediment-as¬ 
sociated  manganese  levels  from  1978  to  1979,  Demopolls  Lake  had  a 
nearly  100%  Increase  In  manganese  levels. 

Mercury.  Sediment-associated  mercury  levels  showed  marked  decrease 
between  l978  and  1979  samples.  The  lowest  value  In  1978  was  0.01  mg/ kg 
(R-10,  Table  0-1)  and  the  highest  was  0.26  mg/kg  (R-12,  Table  (R-12, 

Table  0-3).  In  comparison,  the  lowest  value  recorded  in  1979  was  0.02 
mg/kg  (at  several  stations  including  R-12;  see  Table  0-1),  while  the 
highest  was  only  0.11  mg/kg  (R-18,  Table  0-3).  Warrior  Lake  had  re¬ 
latively  high  values  in  1978  at  R-2  through  R-6  (Table  0-1),  but  In 
1979  all  Warrior  Lake  stations  had  decreased  to  0.1  mg/kg  or  less, 
except  R-8.  R-8  showed  a  150%  Increase  in  1979,  changing  from  0.04 

mg/kg  In  1978  (Table  0-1)  to  0.10  mg/kg  In  1979  (Table  0-3).  Most 
stations  In  the  Lower  Black  Warrior  River  showed  a  decrease  during  the 
study  period,  as  did  all  Tombigbee  River  (Table  0-3).  The  sediment- 
associated  mercury  levels  1n  Demopolls  Lake  rose  In  1979  from  an  average 
of  0.02  mg/kg  in  1978  to  0.07  mg/kg  in  1979  (Tables  0-1  and  0-3,  re¬ 
spectively).  Demopolls  Lake  was  the  only  river  section  to  show  an 
overall  accumulation  of  sediment-associated  mercury  during  1979  as 
compared  to  the  1978  levels.  Most  stations  showed  a  marked  decrease 
in  1979,  especially  the  Lower  Black  Warrior  and  Tombigbee  Rivers. 

Cadhilum.  Levels  of  sediment-associated  cadmium  showed  a  tremendous 
Increase  between  1978  and  1979  samplings.  The  increase  was  near  1000% 
on  the  average  and  occurred  in  all  river  sections.  The  highest  1978 
value  was  0.14  mg/kg  reported  at  R-20  (Table  J-1);  in  1979  the  highest 
reported  value  came  from  R-3  and  was  2.0  mg/kg.  The  minimum  value  in 
1978  was  0.01  mg/kg  and  occurred  at  R-3  and  R-4  (Table  J-1);  in  1979 
the  minimum  was  0.37  mg/kg  at  R-10  (Table  J-3).  Although  all  sections 
exhibited  these  Increases,  Demopolls  Lake  had  the  greatest  increase, 
rising  from  an  average  of  0.075  mg/kg  In  1978  to  1.0  mg/kg  in  1979  (see 
Tables  J-1  and  J-3).  Thus,  all  river  sections,  and  virtually  all 
stations,  experienced  a  ten-fold  increase  In  sediment  associated  cadnium 
levels  during  the  study  period.  It  should  be  noted  that  due  to  the 
drastic  nature  of  these  Increases,  all  laboratory  procedures  and  calcu¬ 
lations  were  double  checked  and  found  to  be  correct.  Additionally, 
precision  and  accuracy  data  show  the  analyses  to  be  In-control  during 
each  sampling  and  analysis  period. 

Nickel.  Sediment-associated  nickel  levels  remained  unchanged  or 
showed  slightly  reduced  levels  at  most  stations  between  the  1978  and  1979 
samplings,  although  at  least  one  station  In  each  section  showed  markedly 
Increased  nickel  concentrations.  Warrior  Lake  showed  Increased  1979 
levels  for  nickel  at  R-1  and  R-2  (Table  J-3).  The  average  for  those 
two  stations  In  1978  was  approximately  4.5  mg/kg  (Table  J-1)  and  was 
8.7  mg/kg  In  1979  (Table  J-3).  R-8  showed  the  highest  values  In  Warrior 
Lake  during  both  years,  with  12.8  mg/kg  In  1978  (Table  J-1)  and  13.0  mg/kg 
In  1979  (Table  J-3).  All  other  stations  In  Warrior  Lake  remained  ap¬ 
proximately  equal  or  showed  a  slight  decline  over  the  study  period. 

In  the  Lower  Black  Warrior  River,  R-12  showed  a  nearly  100%  increase, 
from  2.5  mg/ka  In  1978  (Table  J-1)  to  4.6  mg/kg  In  1979  (Table  J-3). 

The  stations  In  the  middle  of  the  section  exhibited  a  decline  of  at 
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least  30%.  Tombigbee  River  stations  (except  R-17  and  R-20)  exhibited 
an  overall  decrease  In  sediment-associated  nickel  values  (Table  J-3). 
Nickel  levels  at  R-17  Increased  from  the  1978  level  of  1.3  mg/kg  (Table 
J-l)  to  only  13  mg/kg  (Table  J-3).  R-22  In  Demopolls  Lake  showed  a 

marked  Increase.  The  1978  value  was  10.5  mg/kg  (Table  J-l),  and  the 
1979  level  was  17  mg/kg  (Table  J-3).  Thus,  although  most  stations 
evidenced  a  general  decline  In  levels  of  sediment-associated  nickel, 
one  station  In  each  section  Indicated  an  accumulation  of  nickel. 

Zinc.  Levels  of  sediment-associated  zinc  showed  no  consistent 
trend  of Increase  or  decrease  In  most  river  sections.  In  Warrior  Lake, 
R-8  had  the  highest  zinc  concentrations  both  years,  with  44  mg/kg  In 
1978  (Table  J-l)  and  55  mg/kg  In  1979  (Table  J-3),  with  the  exception 
of  R-2  and  R-6  (see  Table  J-l  and  J-3),  all  other  stations  maintained 
near  constant  concentrations  or  slightly  declined.  All  stations  In  the 
Lower  Black  Warrior  River,  except  R-12,  indicated  decreased  sediment- 
associated  zinc  levels  from  1978  to  1979.  During  both  years  the  lowest 
zinc  concentrations  were  found  at  R-12,  Inmedlately  below  Warrior  Lock 
and  Dam,  and  concentrations  steadily  rose  to  reach  a  high  for  the 
section  at  R-16  (see  Tables  J-l  and  J-3).  Values  for  zinc  In  the 
Tombigbee  River  varied  only  slightly  during  the  study  period  at  all 
stations  except  R-17.  At  this  station  the  1978  value  was  only  4  mg/kg 
(Table  J-l),  but  It  Increased  to  23  mg/kg  In  1979  (Table  J-3).  A 
similar  rise  was  seen  at  R-22  In  Demopolls  Lake  which  was  37  mg/kg 
In  1978  (Table  J-l)  and  63  mg/kg  In  1979  (Table  J-3),  the  highest  zinc 
level  observed  In  1979.  The  results  Indicate  only  minor  changes  in 
zinc  sediment  concentration  over  the  entire  study  area  during  the  one 
year  period  of  observation. 

Arsenic.  Arsenic  showed  a  pattern  of  Increases  similar  to  that  of 
cadmium,  with  the  average  being  a  five-  to  ten-fold  Increase  between  1978 
and  1979.  Warrior  Lake  showed  the  greatest  consistent  Increases  from 
1978  to  1979.  The  1978  high  for  sediment-associated  arsenic  In  this 
section  was  0.82  mg/kg  at  R-8  (Table  J-l);  the  1979  high  was  8.7  mg/kg 
at  R-9  (Table  J-3).  This  level  of  Increase  Is  typical  for  the  section. 
The  Lower  Black  Warrior  River  generally  had  smaller  arsenic  levels  with 
0.80  mg/kg  as  the  high  In  1978  ^able  J-l)  and  7.2  mg/kg  (Table  J-3)  In 
1979.  The  magnitude  of  Increase  from  1978  to  1979  was  approximately  the 
same  as  In  Warrior  Lake  but  the  overall  1979  levels  were  lower  (Table 
J-3).  The  Tombigbee  River  showed  the  overall  lowest  levels  of  sediment- 
associated  arsenic  In  both  samplings.  Also,  during  both  1978  and  1979 
arsenic  showed  a  steady  downstream  Increase.  In  1978,  R-17  In  the  upper 
reaches  of  the  Tombigbee  River  had  0.14  mg/kg  arsenic  (Table  J-l)  and 
In  1979  this  station  had  2.6  mg/kg  (Table  J-3).  This  level  rose  to 
0.74  mg/kg  In  1978  and  10.2  mg/kg  in  1979  at  the  lower  reach  of  the 
river  (Table  J-l  and  J-3,  respectively).  Also,  the  1979  high  level  for 
sediment-associated  arsenic  was  10.2  mg/kg.  Demopolls  Lake  also  showed 
the  ten-fold  accumulation  of  arsenic  having  a  1978  average  of  0.76  mg/kg 
(Table  J-l)  and  a  1979  average  of  8.5  mg/kg.  This  1100%  Increase  was 
the  greatest  for  any  river  section.  Thus,  levels  of  sediment-associated 
arsenic  showed  Increases  In  the  one-year  study  period  averaging  about 
ten-fold.  This  Increase  was  very  similar  to  the  Increases  exhibited 
by  sediment-associated  cadmium. 

Chromium.  Levels  of  sediment-associated  chromium  showed  general 
Increases  during  the  study  period  of  approximately  100%.  During  both 
studies  the  highest  levels  of  the  chromium  were  found  In  Demopolls  Lake. 
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Tht  1978  high  was  17.9  mg/kg  at  R-22  (Table  J-1).  and  the  1979  high 
also  occurred  at  R-22  and  was  34  mg/kg  (Table  J-3).  Warrior  Lake  had 
moderate  values  during  1978,  averaging  about  5  mg/kg  (Table  J-r*  chromium. 
These  levels  were  Increased  In  1979  with  the  average  being  approximately 
11  mg/kg  (Table  J-3).  R-12,  Immediately  below  Warrior  Lock  and  0am, 
had  the  lowest  chromium  measurements  on  the  Black  Warrior  River  each 
year.  However,  the  remainder  of  this  section  had  chromium  levels  higher 
than  or  near  the  median,  as  compared  to  all  stations.  This  was  true  for 
the  Lower  Black  Warrior  River  during  both  1978  and  1979  samplings.  The 
Tomblgbee  River  had  higher  levels  than  the  Black  Warrior  during  both 
years  (Tables  J-1  and  J-3)  with  high  levels  occurring  at  R-20  and  R-21 
during  1979  (26  mg/kg  and  29  mg/kg.  Tables  J-1  and  J-3,  respectively). 
These  results  Indicate  that  during  the  one  year  study  period  chromium 
levels  In  sediment  underwent  an  approximately  doublino  In  concentration 
within  each  river  section. 

Pesticides 


The  sediment  samples  obtained  during  the  1978  sampling  were  subjected 
to  a  screening  and  quantification  analysis  for  15  common  chlorinated 
hydrocarbons  and  3  PCB  compounds.  In  these  tests  only  seven  compounds  were 
present  In  detectable  amounts  (see  Table  J-2).  BHC-Alpha  was  detected 
at  R-19  and  R-20  at  0.3  yg/kg  and  0.4  yg/kg,  respectively.  BHC-Beta  was 
the  most  prevalent.  The  high  value,  4.5  yg/kg,  occurred  at  R-1.  BHC- 
Gamma  (Lindane)  was  detected  at  the  same  stations  at  concentrations  of 
2.2  and  2.1  ygAg*  respectively.  Heptachlor  epoxide  showed  detectable 
residue  at  R-13  and  R-24.  (1.5  yg/kg  and  1.0  yg/kg,  respectively.)  Dieldrin 

was  also  distributed  at  these  stations  with  R-13  having  2.0  yg/kg  and 
R-14  having  1.0  yg/kg.  The  latter  Dieldrin  value  also  occurred  at  R-16. 
o,p'-D0T  was  detected  at  R-1  and  R-12  at  concentrations  of  8.5  and 
12.0  yg/kg,  respectively,  p-p'  DOE,  was  detected  at  1.0  yg/kg  at  R-12. 

Thus,  pesticide  in  sediments  analyses  showed  only  patchy  distribution 
of  selected  compounds.  The  most  prevalent  occurrence  of  detected  amounts 
of  chlorinated  hydrocarbons  was  between  R-12  end  R-16  on  the  Lower  Black 
Warrior  River. 

3.2  Biological 

The  results  of  microbiological,  plankton,  benthological  and  aquatic 
macrophyte  studies  are  presented  in  this  section.  Selected  data  have 
been  summarized  and/or  presented  graphically  In  this  section.  Raw  data 
from  the  monthly  collections  can  be  found  in  the  Appendices. 

The  section  dealing  with  microbiological  and  associated  parameters 
has  been  sub-divided  Into  river  sections  which  agree  with  those  described 
In  Section  3.1.  In  Sections  3.2.2  through  3.2.4,  these  river  seg¬ 
mentations  have  been  slightly  revised  as  explained  In  those  sections. 

In  addition  to  these  sections,  3.2.5  presents  the  results  of  three 
Algal  Growth  Potential  (AGP)  tests.  This  section  is  not  summarized  by 
river  section  due  to  the  testing  procedure  (see  2.2.6).  The  final  sec¬ 
tion  presents  the  results  of  the  aquatic  macrophyte  survey,  which  con¬ 
siders  only  the  river  basins  and  Demopolis  Lake  as  study  subdivisions. 

Thus,  the  r  esentation  of  biological  data  has  been  defined  on  the  basis 
of  systematic  differences  In  various  river  reaches.  The  varying  pre¬ 
sentations,  which  are  complete  In  each  section,  are  used  to  highlight 
these  differences. 
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3.2.1  Microbiological  and  Associated  Parameters 

Adenosine  Triphosphate 

Levels  of  adenosine  triphosphate  (ATP)  showed  extreme  seasonal 
fluctuations,  but  were  relatively  equal  In  average  distribution  through¬ 
out  the  study  area.  It  should  be  noted  that  analysis  of  this  data  Is 
rendered  somewhat  incomplete  because  of  the  missing  data  from  May  and 
June  1979  (Tables  A-5  and  A-6). 

The  highest  average  ATP  value  was  56  ng/1  which  occurred  at  R-5 
(Table  3-20).  The  lowest  average  value  was  10  ng/1  which  occurred  at 
R-10  (Table  3-21).  300  ng/1  was  the  highest  single  ATP  value  obtained 

and  was  recorded  at  R-9  In  October  1979  (Table  A-10).  ATP  levels  below 
detectable  quantities  (50  ng/1  In  1978  and  10  ng/1  in  1979)  occurred  at 
all  stations  on  several  occasslons.  December  1978  (Table  A-4)  and 
February  1979  (Table  A-5)  had  all  stations  recording  non-detectable 
ATP  levels.  The  overall  highest  levels  of  ATP  occurred  In  October  1979 
(Table  A-10). 

Warrior  Lake  and  Oemopolls  Lake  had  equal  study  averages.  33  ng/1 
(Tables  3-20  and  3-23.  respectively).  The  Tombigbee  River  had  a  mar¬ 
ginally  lower  average  concentration  of  ATP.  31  ng/1  (Table  3-22).  The 
Lower  Black  Warrior  River  had  the  minimum  average.  27  ng/1  (Tuble  3-21). 
Although  there  was  a  slight  sectional  differentatlon.  the  season 
fluctuation  (<10-300  ng/1)  was  much  greater. 

Chlorophyll  a.  fc.  o 

Active  chlorophyll  a  (chlorophyll  a  corrected  for  pheophytin)  showed 
large  seasonal  variations  with  only  minor  variations  In  average  values 
for  the  river  sections.  Chlorophyll  b  and  a  were  also  measured  by  the 
trichromatic  technique.  However,  a  growing  body  of  literature  disputing 
the  validity  of  these  estimates  has  indicated  that  these  data  are  best 
left  In  raw  form  as  given  In  Appendix  A.  The  literature  suggests  that 
estimates  of  chlorophyll  b  and  c  are  In  error  up  to  75%  when  produced 
by  the  trichromatic  method  (Trotter  and  Hendriks.  1979) 

Chlorophyll  a  had  a  maximum  average  of  15  yg/l  which  occurred  at 
R-20  (Table  3-22).  The  minimum  average  was  2  vg/1.  which  was  recorded 
at  R-1  (Table  3-20).  The  single  highest  concentration  of  chlorophyll  a. 
41  ug/l.  occurred  at  R-20  during  late  August  1979  (Table  A-9).  The 
minimum  chlorophyll  a  value  detected  was  <1  yg/1.  which  was  recorded  at 
several  stations  during  December  1978  (Table  A-4).  Generally,  the 
lowest  levels  of  chlorophyll  a  were  observed  during  December  1978 
(Table  A-4)  and  the  highest  levels  during  July  1978  (Table  A-1). 

The  Tombigbee  River  had  the  maximum  average  chlorophyll  a  levels 
during  the  study  period,  10  pg/1  (Table  3-22).  Demopolls  Lake  and  the 
Lower  Black  Warrior  had  slightly  lower  average  values,  8  pg/l  each 
(Tables  3-23  and  3-21,  respectively).  The  minimum  average  level  of 
chlorophyll  a,  7  ug/l,  was  recorded  for  the  Warrior  Lake  (Table  3-20). 
These  river  section  differences  are  minor.  The  major  variation  for 
chlorophyll  a  occurred  seasonally. 
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TABLE  3-20.  Means  and  Ranges  of  Microbiological  and  Associated  Parameters  at  Main  River  Stations 
Middle  Black  Warrior  River  Stations  R-1  thru  R-9  (Warrior  Lake),  July  1978  through 
October  1979. 


Means  and  Ranges  of  Microbiological  and  Associated  Parameters  at  Main  River  Stations,  Middle 
Black  Warrior  River,  Stations  R-10  thru  R-16  (Lower  Black  Warrior  River),  July  1978  thru 


Represents  the  ratio  of  the  average  coliform  and  streptococci  numbers. 


HMns  «nd  Rangts  of  Microbiological  and  Associated  Parameters  at  Main  River  Stations 
Middle  Tonblgbee  River  Stations  R-17  thru  R-21  (Tombigbee  River),  July  1978  thru 


Represents  the  ratio  of  the  average  col i form  and  streptococci  nwnbers. 


Repre'.ents  the  ratio  of  the  average  coliforn  and  streptococci  numbers 


Dissolved  Organic  Carbon 


Levels  of  dissolved  organic  carbon  (DOC)  evidenced  strong  seasonal 
and  river  sectional  trends.  R-20  had  the  highest  average  DOC,  8.1  mg/1 
(Table  3-22).  The  lowest  average  concentration  of  DOC  was  3.0  mg/1, 
recorded  at  R-5  (Table  3-20).  R-17  recorded  the  maximum  level  of  DOC, 

21.6  mg/1,  in  August  1978  (Table  A-2).  Non-detectabl e  levels,  <2.0  mg/1 , 
occurred  at  all  stations  in  June  1979  (Table  A-7).  This  was  overall 
lowest  month  for  DOC  levels.  The  highest  overall  levels  occurred  in 
October  1978  (Table  A-3). 

The  Tombigbee  River  had  the  highest  overall  average  DOC  concentra¬ 
tions,  7.4  mg/1  (Table  3-22).  Warrior  Lake  had  a  study  period  average 
of  4.1  mg/1  (Table  3-20),  the  lowest  average  of  all  sections.  The 
Lower  Black  Warrior  River  had  a  moderately  higher  level,  4.5  mg/1  (Table 
3-21).  Demopolis  Lake  had  an  intermediate  average  DOC  level,  5.7  mg/1 
(Table  3-23).  Thus,  there  were  some  moderate  section  variations  in 
DOC,  but  seasonal  fluctuations  were  much  larger. 

Total  Organic  Carbon 

Total  organic  carbon  (TOC)  roughly  paralleled  the  seasonal  and 
sectional  trends  for  dissolved  organic  carbon,  with  only  slightly  higher 
average  levels  in  most  river  sections.  The  highest  level  of  TOC  re¬ 
corded  was  9.5  mg/1  which  occurred  at  R-19  and  R-20  (Table  3-22). 

The  lowest  level  was  3.8  mg/1  which  occurred  at  R-9  (Table  3-20).  The 
maximum  concentration  observed  during  the  study  was  19.0  mg/1  at  R-18 
in  February  1979  (Table  A-5).  Non-detectabl e  TOC  values  (<2  mg/1)  were 
recorded  at  all  stations  in  June  1979  (Table  A-7).  This  represented  the 
overall  lowest  month  for  TOC.  Generally,  the  highest  TOC  concentra¬ 
tions  occurred  in  October  1978  (Table  A-3). 

Fecal  Col i form 


Main  River  Stations.  Levels  of  fecal  col i form  bacteria  (FC)  were 
quite  variable,  both  seasonally  and  by  river  sections.  R-1  had  the 
highest  average  FC  concentration,  1061  (Table  3-20;  all  values  are  as 
number  per  100  milliliters).  The  lowest  average  FC  concentration  was  11, 
which  occurred  at  R-16  (Table  3-21).  The  single  highest  numerical  value 
recorded  was  4380  at  R-20  in  May  1979  (Table  A-6).  Note  that  R-13 
through  R-15  had  levels  "too  numerous  to  count"  in  0ctober)1978  (Table 
A-3),  although  this  is  not  indicative  of  numbers  higher  than  the  maximum 
value  stated  above.  The  minimum  level  of  FC  recorded,  <1,  occurred  at 
several  stations  during  July  1978  (Table  A-1),  August  1978  (Table  A-2) 
and  October  1978  (Table  A-3).  Generally,  the  highest  fecal  coliform 
levels  were  observed  in  May  1979  (Table  A-6);  the  lowest  levels  were 
observed  in  August  1978  (Table  A-2). 

Warrior  Lake,  especially  R-1  and  R-2,  showed  high  average  values. 

The  river  section  average  was  346  (Table  3-20).  This  value  was  very 
much  reduced  in  the  Lower  Black  Warrior  River,  with  the  study  period 
average  being  only  53  (Table  3-21).  The  Tombigbee  River  had  the  over¬ 
all  highest  average  value,  418  (Table  3-22).  Demopolis  Lake  had 
moderately  high  FC  levels,  with  an  average  cf  275  (Table  3-23).  Thus, 
both  seasons  and  river  sections  produced  large  variations  in  FC  levels. 

Bacteriological  Stations.  The  results  of  FC  analyses  at  bacteriol- 
ogical  stations  C-l  through  t-A  are  presented  in  Appendix  K.  Station 
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C-4  typically  had  the  highest  values  with  a  study  average  of  493  and  a 
range  of  1  to  3700.  C-2  had  the  lowest  values  with  a  study  average  of 
46  and  a  range  of  0  to  373.  C-i  and  C-3  had  intermediate  averages, 

67  and  50  respectively.  C-1,  C-2  and  C-3  had  their  maximum  levels  in 
February  1979,  C-4  had  a  maximum  in  October  1979. 

Fecal  Streptococci 

Main  River  Stations.  As  with  FC  levels,  concentrations  of  Fecal 
streptococci  (FS)  showed  large  seasonal  and  river  section  variations, 
R-19  (Table  3-22)  had  the  highest  average  FS  level,  632  (all  values 
represent  number  per  100  millimeters).  The  lowest  average  level  of  FS, 
62,  occurred  at  R-14  (Table  3-21).  The  FS  maximum,  3950,  occurred  at 
R-13  during  July  1979  (Table  A-8).  The  minimum  value  was  <1  which 
occurred  at  several  stations  in  various  months,  primarily  July  and 
August  1978  (Tables  A-1  and  A-2,  respectively).  Generally,  the  highest 
values  occurred  in  July  1979  (Table  A-8,'  and  the  lowest  during  August 
1978  (Table  A-2). 

The  Tombigbee  River  had  the  overall  highest  FS  values,  450  (Table 
3-22).  Warrior  Lake,  with  a  study  period  average  of  127  (Table  3-20), 
had  the  overall  lowest  FS  levels.  The  Lower  Black  Warrior  River  was 
moderately  higher,  183  (Table  3-21).  Demopolis  Lake  had  an  intermediate 
average,  285  (Table  3-23).  These  results  Indicate  that  both  seasonal 
factors  and  river  basin  characteristics  caused  FS  levels  to  be  widely 
varied. 

Bacteri ol ooi cal  Stations .  Station  C-2  and  C-4  had  the  greatest 
average  FS  levels,  1§9  and  2(!)4  respectively  (Table  K-1).  The  other  two 
stations  had  study  period  averages  of  approximately  100.  C-1  through 
C-3  showed  the  highest  levels  in  February  1979.  C-4  had  its  highest 
FS  level,  930,  in  October  1979.  The  maximum  value,  1040,  occurred  at 
C-2  during  this  month. 

FC;FS  Ratio 


Main  River  Stations.  Average  FC:FS  ratios  (herinafter  referred  to 
as  ratios)  have  been  calculated  in  Tables  3-20  through  3-23  based  on 
average  FC  and  FS  levels  as  given  on  the  same  tables.  Although  slightly 
different  averages  result  from  the  arithmetic  mean  of  the  monthly  ratios, 
the  ratios  in  these  tables  are  useful  in  locating  trends  of  this  calcu¬ 
lated  parameter.  The  highest  ratio  was  5.9,  occurring  at  R-2  (Table 
3-20),  which  indicates  high  levels  of  fecal  col i forms  as  compared  to 
fecal  streptococci.  The  lowest  calculated  ratio,  0.1,  occurred  at 
R-13  and  R-16  (Table  3-21),  Indicates  higher  fecal  streptococci  at  these 
stations.  Warrior  Lake  had  a  section  average  of  2.7,  the  Lower  Black 
Warrior  River  had  a  ratio  of  0.2  for  an  average.  The  Tombigbee  River 
had  nearly  equal  levels  of  FC  and  FS,  with  a  study  period  ratio  of  0.9. 
Lake  Demopolis  had  the  same  result,  with  an  average  ratio  of  1.0.  These 
results  indicate  tremendous  variation  between  stations  in  relative  FC 
and  FS  loadings. 

Seasonally,  the  highest  ratios  occurred  in  December  1978  (Table 
A-4)  and  the  lowest  occurred  in  August  1978  (Table  A-2)  when  all  ratios 
were  calculated  as  <1.0.  The  highest  ratio  was  153,  which  occurred  at 
R-1  in  July  1978.  These  results  indicate  a  moderate  seasonal  fluctua- 
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tion  which  does  not  effect  the  trend  of  FC:FS  loading  at  any  one  station 
or  river  section. 


Bacteriological  Stations.  All  bacteriological  stations  showed  a 
predominance  of  ratios  greater  than  1.0,  with  a  maximum  of  >25  at 
C-3  and  C-4  In  September  1978  (Table  K-1).  in  June  and  July  1979,  all 
stations  showed  ratios  less  than  1.0,  which  by  August  1979  had  gone  over 
1.0  again.  These  results  generally  Indicate  FC  loadings  in  tremendous 
excess  over  FS  loadings. 

3.2.2  Phytoplankton 

The  designation  of  river  basin  sections  has  been  revised  for 
presentation  of  the  remaining  biological  results.  These  new  designa- 
tiois  generally  reflect  environmental  changes  (Depth,  current  velocity) 
which  affect  biological  communities.  To  facilitate  reading  this  pre¬ 
sentation  the  following  sutnnary  Is  presented: 


Stations 


Section  Designation 


R-1  to  R-5 
R-6  to  R-10 
R-12  to  R-16 
R-17  to  R-21 
R-22  to  R-23 


Upper  Warrior  Lake 
Lower  Warrior  Lake 
Lower  Black  Warrior  River 
Tombigbee  River 
Demopolls  Lake 


Results  of  the  monthly  collections  of  phytoplankton  are  found  in 
Appendix  L.  The  tables  of  this  appendix  list  all  taxa  Identified  and 
the  number  per  milliliter.  These  data  have  been  reduced  to  the  tables 
and  the  figure  in  this  section. 

Table  3-24  is  a  complete  listing  of  all  algal  taxa  identified  dur¬ 
ing  the  course  of  the  study.  The  algae  represent  200  genera  and  species 
divided  among  the  five  major  divisions.  The  Chlorophyta  (green  algae) 
accounted  for  55%  of  the  total  number  of  taxa  identified.  In  rank  order 
the  remaining  divisions  were  Chrysophyta  (yellow  green  algae,  primarily 
diatoms),  29%;  Cyanophyta  (blue  green  algae),  9%;  Euglenophyta  (eug- 
lenolds),  6%;  and  Pyrrophyta  (dinoflagellates),  1%. 

The  green  algae  were  overwhelmingly  represented  by  the  members  of 
the  Oocystaceae  and  the  Scenedesmaceae.  These,  with  the  remaining 
members  of  the  Chlorococcales,  accounted  for  approximately  80%  of  all 
green  algae.  Species  from  the  other  represented  orders  generally 
accounted  for  low  numbers  throughout  the  study  (see  Appendix  L).  The 
yellow  green  algae  were  represented  predominantly  by  diatoms  {Ophioo- 
ytium  and  Dinobryon  being  the  exceptions).  Most  diatom  species  found 
were  pennate  forms;  however,  centric  forms  often  accounted  for  large 
numbers  (Appendix  L).  The  blue  greens  were  mainly  represented  by 
filamentous  forms  with  only  three  coccoid  genera  being  identified. 
Taxonomy  these  groups  is  taken  from  the  revisions  of  Drouet  and 
Dally  (19j(i)  and  Drouet  (1967,  1976  and  1978),  thus,  yielding  short 
taxa  list  for  blue  green  forms.  Thus,  the  green  algae  had  the  over- 


Table  3-24.  Phylogentic  Listing  of  all  Algal  Taxa  Encountered,  Middle 
Black  Warrior  and  Tombigbee  Rivers,  July  1978  through 
October  1979. 

Note:  This  taxonomic  listing  is  based  on  the  phylogeny 
of  Smith  (1950),  unless  otherwise  indicated. 


DIVISION  CHLOROPHYTA 
CLASS  CHLOROPHYCEAE 
ORDER  VOLVOCALES 

Family  Chlainydomonadaceae 

Genus  Chleanydcnanas  Ehr.  sp. 

Family  Volvocaceae 

Genera  E-udorina  elegana  Ehr. 

Gonium  peotorale  Muel 1 . 

Pandorirux  monen  Bory. 

ORDER  TETRASPORALES 
Family  Palmellaceae 

Genera  Gtoeocystia  Nagel i  sp. 

G.  gigas  (Kutz)  Lagerh. 

Sphaercxsystis  Sdhroeteri  Chodat 
Family  Tetrasporaceae 

Genus  Sakizoohlanyo  oompacta  Prescott 
Family  Cocconyzaceae 

Genus  Elakatothrix  gelatinoea  Wille. 

ORDER  ULOTRICHALES 

Family  U1 othrichasceae 

Genus  Ulothrix  Kutz.  sp. 

U.  Bubtiliseima  Rubenhorst 
ORDER  OEDOGONIALES 

Genus  Oedogonium  Link  sp. 

ORDER  CHLOROCOCCALES 
Family  Micractinaceae 

Genera  Erverella  boxmhemisneia  Conrad 

Golenkinia  pauoispirta  W.  and  6.S.  West 
G,  vadiata  Chodat 
Mioraotinvm  puailliffn  Fres. 

Family  Dictyosphaeria 

Genus  Diatyosphaeriwi  Ehrenbergianum  Nagel  i 
D.  pulchellum  Wood 
Family  Characiaceae 

Genus  Sokpoedaria  eetigera  (Schroeder)  Lemm. 
Family  Hydrodictyaceae 

Genera  Pediastmm  biradiatwi  Meyen 
P.  boryanm  (Turp.)  Meneghini 
P.  duplex  Meyen 


TABLE  3-24.  (continued) 


P.  simplex  (Meyen)  Lenin. 

P.  tetraa  var.  tetraedpon  (Corda)  Rabenhorst 
Soraetnan  Kutz*  sp. 

Family  Coelastraceae 

Genus  Coelaatnm  oambriaum  Archl 

C.  mioroporxm  Nag.  (c.  miaroeponen  Nagi) 

C.  proboaoideum  Bohlln 
C.  retioulatum  Dung.)  Senn. 

Family  Oocystaceae 

Genera  Ankiatrodeamua  (Corda)  Ralfs.  sp. 

A,  oonvolutua  Corda 
A.  falaatua  (Corda)  Ralfs. 

A.  falaatua  var.  mirablia  W.  and  G.S.  West 
Chodatella  Chodati  (Bernard)  Ley. 

C.  Droeaoheri  Lemm. 

C.  quadriaeta  (Lemn.)  G.M.  Smith 
C.  aubaalaa  Lemm. 

Cloateriopaia  longiaaima  Lemn. 

Franceia  ovalis  (France)  Lemn. 

Gloeoaatinium  lirmetiaum  G.H.  Smith 
Kirahneriella  Schmid! e  sp. 

K.  aontorta  (Schmidle)  Bohlln 

K.  Ixmaria  (Kirch.)  Moblus 

K,  lunaria  var.  irregulare  G.M.  Smith 

K.  obeaa  (West)  Schmidle 

K,  obaea  var.  major  (Bernard)  G.M.  Smith 

Nephyroaytium  Nagel i  spp. 

Ooayatia  Nagel i  spp. 

0.  Eorgei  Snow 

0.  laoustris  Chodat 

Paahyoladon  untbrinua  G.M.  Smith 

Quadrigula  Chodati  (Tanner-Full man)  G.M.  Smith 

Q.  lacustria  (Chodat)  G.M.  Smith 
Selenastrum  graaile  Reinsch. 

S,  Hestii  G.M.  Smith 
Tetraedi^  oaudata  (Corda)  Hansg. 

T.  minimum  (A.  Br.)  Hansg. 

T.  regulare  Kutz 

T.  txdgonum  var.  graaile  (Reinsch.)  de  Toni 
Treubaria  triappendioulata  Barnard 
Westella  botryoidea  (W.  West)  de  Wildm. 

W.  linearia  G.M.  Smith 
Family  Scenedesmaceae 

Genera  Aotinaatrum  Hantzachii  lagerh. 

Crugenia  Morren  spp. 

C.  appiaulata  (Lemn.)  Schmidle 
C.  aruaifera  (Wolle)  Collins 
C.  fenestrata  Schmidle 
C.  irregularia  Willie 


3-62 


TABLE  3>24.  (continued) 


C.  qiuxdrata  Morren 

C.  reatangularia  Wille 

C.  tetrapedia  (Kirch.)  VI.  and  G.S.  West 

C.  trunaata  G.M.  Smith 

Soenedeamua  Heyen  spp. 

S.  abundana  (Kirch.)  Chodat 
5.  aounrCnatua  (Lagerh.)  Chodat 
S.  aoutiformia  Schroeder 
5.  amatua  (Chodat)  G.M.  Smith 
5.  armatua  var.  bioauda  G.M.  Smith 
S.  bijtiga  (Turp. )  Lagerh. 

S.  bijuga  var.  dltemana  (Relnsch)  Borge 
5.  braailienaia  Bohlln 
8,  detiaulatuB  Lagerh. 

5.  dimorphua  (Turp.)  Kutz. 

S.  hy'trix  Lagerh. 

S.  opolienaia  P.  Richter 

S.  oblicpma  (Turp. )  Kutz 

5.  quadrioca*!^  (Turp.)  Breb. 

5.  aerra^ua  (Corda)  Bohlln 
Tetraatnan  Chodat  sp. 

3*.  anomalwn  (G.M.  Smith) 

T.  glahrum  Ahlstrom  and  Tiffany 

T.  heteraaanthum  (Schiller)  Chodat 
T.  ataurogeniaforme  (Schroeder)  Lemm. 

ORDER  ZYGENEMATALES 
Family  zygnemataceae 

Genera  Mougeotia  (C.A.  Agardh)  Wittrock  sp. 
Spirogyra  Link  spp. 

Family  Mesotaenlaceae 

Genus  Netrium  digitua  (Ehr.)  Itz.  and  Rothe 
Family  Desmidlaceae 

Genera  Hrthrodeamua  Ehr.  spp. 

A.  inaua  (Breh.)  Hass. 

CXoaterivm  Nitzsch.  spp. 

C.  graoile  var.  elongatim  W.  and  G.S.  West 
Coamarium  Corda  spp. 

Deamidium  C.A.  Agardh 
Euaatrum  Ehr.  spp. 

E.  binale  var.  gutuinakii  (Schmidle)  Krieg 
E,  dentioulatun  ( K1 rch . )  Gay 
Spondytoaiwi  planum  (Wolle)  West 
Stauraatmm  Meyen  spp. 

5.  araahne  Var.  curvatum  W.  and  G.S.  West 
S.  chaetooeva  (Schroeder)  G.M.  Smith 
S.  dajeatm  Breb. 


TABLE  3*24.  (continued) 


DIVISION  EUGLENOPHYTA 
CLASS  EUGLENdPHYCEAE 
ORDER  EUGLENALES 
Family  Euglenaceae 

Genera  Rdglena  Ehr.  spp. 

Lepooinaiia  Perty  spp. 

PhaouB  Dujardin  spp. 

P.  orbioularia  Huebner 
Traehteomonaa  Ehr.  spp. 

T,  aharkaaieneia  yiAr.  affine  (Sku.)  Defl . 
T.  euahlora  (ehr.)  Lemm. 

T.  gibberoaa  Playfair 
T.  horrida  Palmer 
2*.  aohauinalandii  Lenin. 

T.  auperba  (Swir.)  Deflandre 
T.  volviaina  Ehr. 


DIVISION  PYRROPHYTA 
CLASS  DINOPHYCEAE 
ORDER  PERIOINALES 
Family  Perldinaceae 

Genus  Peridinim  (Ehr.)  Stein  spp. 
Family  Ceratinaceae 

Genus  Cerativon  hirudinetla  Schrank 


DIVISION  CHRYSOPHYTA 
CLASS  XANTHOPHYCEAE 
ORDER  HETEROCOCCALES 

Family  Chi oro thee laceae 

Genus  Ophioeytium  oapitatum  Nolle 


CLASS  CHRYSOPHYCEAE 
ORDER  CHRYSOMONADALES 
Family  Ochromonadaceae 
Genus  Dinobryon  Ehr.  sp. 
D.  bavaricien  Imhof 
D.  aertutaria  Ehr. 


TABLE  3-24.  (continued) 


aASS  BACILLARIOPHYCEAE 
ORDER  CENTRALES 

Family  Coslnodiscaceae 

Genera  Cyalotella  Kutz  spp. 

C.  Menehiginiana  Kutz 
C.  glomerata 

C.  atelligera  Cleve  and  Grunow 
Melosira  canbigua  (Grunow)  0.  Muller 
M.  diatans 

M.  granulata  (Ehr.)  Rolfs 
M.  granulata  var.  angutiaaima  Muller 

M.  variana  Agradh. 

Stephanodiaoua  Ehr.  spp. 

5.  hantaaohii 

Family  Rhizosolenlaceae 

Genus  Bhizoeolania  Ehr.  Sp. 

ORDER  PENNALES 

Family  Tabellarlaceae 

Genus  Tabellaria  feneatrata  (Lyngbye)  Kutz. 
Family  Merldlonaceae 

Genus  Meridian  airculare  (Grev.)  Ag. 

Family  Fragllarlaceae 

Genera  Aaterianella  formoaa  Kass. 

Fragilaria  Lyngbye  spp. 

F,  arotonenaia  Grunow 
Syncdra  Ehr.  spp. 

5.  aotinaatroidea  Husteadt 
5.  ulna  (Nitzsch)  Ehr. 

5.  ulna  var,  langiaaima  (W.  Smith)  Brun. 

5.  ulna  var.  ryhnoooephla 
Family  Eunotlaceae 

Genus  Eunotia  Ehr.  spp. 

E.  naeglii  var.  naeglii  Mlgnla 
E.  peotinalia  (Kutz.)  Rabenhorst 
Family  Achnanthaceae 

Genera  Aahnanthea  Bory.  spp. 

Coaooneia  plaoentula  Ehr. 

C.  diaculua  (Schum. )  Cleve. 

Family  Naviculaceae 

Genera  Capartogramu  oruoicula  (Grun.  ex  Cl.)  Ross 
Gyroaigma  Mass.  sp. 

Ifaviaida  Bory  spp. 

N.  cryptooephala  Kutz 
E.  pupuala  Kutz 
Nediwi  Pfitzer  sp. 

Pinnularia  Ehr.  spp. 

Pleuroaigm  delioatulurn  W.  Smith 
Stauroneia  Ehr.  spp. 

5.  anoepa  Ehr. 

S.  phoeniaenteron  (Nitzsch)  Ehr. 


TABLE  3-24.  (continued) 


Family  Gomphnemataceae 

Genus  Gomphonema  Agardh.  spp. 

Family  Cymbellaceae 

Genera  Amphora  Ehr.  sp. 

Cymbella  Agardh.  spp. 

Family  Nitzschiaceae 

Genera  Hantzaohia  virgata 
Nitzsohia  Hass.  spp. 

N.  aoiaularia  W.  Smith 
N.  filiformis 

N.  obtusa  var.  aaalpelliformis  Grunow 
N.  pulea  (Kutz.)  W.  Smith 
N.  aigmoi^a  (Ehr.)  W.  Smith 
ff.  aiJilinaaria  Hustedt 
Family  Surirellaceae 

Genera  Cymatopluera  aolea  (Breb.)  W.  Smith 
Surirella  anguatata  Kutz 
S.  ovalia  (Ehr.)  Grunow 


DIVISION  CYANOPHYTA 
CLASS  MYXOPHYCEAE 
ORDER  CHROOCOCCALES 

Family  Chroococcaceae  (after  Drouet  and  Daily,  1956) 

Genera  Agmenellum  qiiadriduplioatiim  Breb. 

Anaoyatia  inoerta  Dr.  and  Daily 
A.  themule  (Kutz)  Dr.  and  Daily 
Gomphoaphaeria  aponica  (Kutz)  Dr.  and  Daily 
G.  iHahurae  Dr.  and  Daily 
ORDER  HORNOGONALES 

Family  Oscillatoriaceae  (after  E.L.  Cooke,  1967) 

Genera  Arthroapira  Jenneri  (Kutz.)  Stizenberger 
Lyngbya  aontorta  Lemm. 

Oaoillatoria  Vaucher  spp. 

0.  limnoaa  Agardh 
0.  pralifiaa  (Grev.)  Gomont 
tenerrimia 
0.  tenuia  Agardh 
Spirulina  Turp.  spp. 

Family  Nostocaceae  (after  F.  Drouet,  1978) 

Genera  Anabaina  oaoillarioidee  ^ry.  Drouet 
A.  apiroidea  Klebahn 

Anabaenopaia  oircularia  (W.  and  G.S.  West)  Miller 
Noatoa  aormune  Vaucher 
Family  Rivulareaceae 

Genus  Raphidiapaia  aurvata  Fritsch  and  Rich 
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all  highest  number  of  taxa  identified  with  diatoms  and  blue  greens 
contributing  moderate  percentages.  However,  the  majority  of  taxa 
identified  did  not  reflect  dominance  in  terms  of  numbers  or  frequently 
even  community  composition. 

Figure  3-1  presents  a  monthly  comparison  of  community  compositions 
and  total  numbers  by  river  sections.  The  Black  Warrior  River  (all 
sections)  had  a  phytoplankton  community  almost  wholly  composed  of 
diatoms  between  July  1978  and  May  1979.  During  this  period  Warrior 
Lake  had  the  highest  numbers  of  phytoplankton  of  any  river  section. 

An  exception  to  this  occurred  in  October  1978  when  the  blue  green 
algae  contributed  75%  to  the  Upper  Warrior  Lake  and  that  section  had 
the  highest  total  number  of  phytoplankton  of  all  sections.  During 
this  same  six-month  period  the  Tombigbee  River  and  Demopolis  Lake 
had  trends  different  from  the  Black  Warrior  River  that  were  not  as 
consistent  as  those  for  the  Black  Warrior  River. 

During  July  through  October  1978,  the  Tombigbee  River  phytoplankton 
community  was  primarily  composed  of  blue  green  algae,  although  the  other 
divisions  were  well  represented.  In  December  1978  the  composition 
dramatically  changed  with  blue  greens  essentially  disappearing  and 
diatoms  assuming  the  major  portion  of  the  phytoplankton  community. 
Demopolis  Lake  phytoplankton,  in  contrast  to  the  other  sections,  was 
relatively  evenly  distributed  among  the  principal  orders  between  July 
and  December  1978.  This  trend  ended  with  the  February  1979  collection 
which  had  80%  diatoms.  Another  major  compos Hi  on  change  occurred  in 
the  Demopolis  Lake  phytoplankton  community  in  May  1979  when  the  green 
algae  contributed  60%  of  the  phytoplankton.  This  was  the  only  section 
with  a  majority  of  green  algae  during  the  first  half  of  the  study. 

During  the  second  half  of  the  study,  phytoplankton  populations 
went  through  a  series  of  community  shifts.  In  June  1979  all  sections 
were  composed  primarily  of  green  algae,  which  was  almost  wholly  re¬ 
presented  by  Ankietrodesmua  oonvolutua  (Table  L-7).  Additionally, 
total  numbers  of  algae  rose  from  very  low  levels  to  moderately  high 
to  very  high  levels,  especially  in  the  Tombigbee  River  andj^mopolis 
which  had  their  highest  total  numbers  for  the  study  (2.3x10^  and 
4.8x10®  cells/liter,  respectively).  This  early  summer  community  was 
quickly  replaced  with  blue  green  algae  becoming  dominant  in  July,  1979 
in  most  sections.  All  sections  experienced  a  drop  in  total  numbers 
of  phytoplankton  during  this  month.  August  1979  continued  in  this 
pattern,  with  the  blue  greens  remaining  the  largest  percentage  group 
in  most  sections  (the  Tombigbee  River  had  a  higher  green  algae  component). 
Warrior  Lake  and  the  Lower  Black  Warrior  River  had  maximum  phytoplankton 
levels  during  this  month  with  3.5x10®  and  7.2x10®  cells/liter  re¬ 
spectively.  October  1979  had  a  decrease  of  blue  green  algae  to  10-25% 
in  all  sections  with  the  greens  rising  to  ^75%.  Total  numbers  had 
moderately  declining  values  in  all  sections. 

These  results  demonstrate  that  most  sections  of  the  study  area 
have  strong  seasonal  variations  in  algal  assemblages,  but  these  vari¬ 
ations  do  not  repeat  from  year  to  year.  An  assessment  of  the  dominant 
algal  species  (as  defined  by  the  two  species  contributing  the  first 
and  second  largest  number  of  cells  during  each  collection),  reveals  a 
similar  pattern  of  change  as  the  community  composition  charts  (Figure 
3-1).  Table  3-25  lists  the  total  number  of  stations  during  each  col¬ 
lection  at  which  a  given  species  was  a  dominant,  either  first  or  second 


place.  Trips  1  throgah  5  (June  1978  through  May  1979)  were  primarily 
dominated  by  diatoms  (Figure  3-1).  These  diatoms  were  the  centric, 
chain  forming  species  Melci>ir^  gvonulata^  M.  diRtar..-  and  Cyriot^.lla 
glomevata  (Table  3-25).  It  can  also  be  seen  that  t.ie  occasional  high 
percentage  of  blue  green  algae  during  these  months  was  due  almost 
entirely  to  the  coccoid  colonial  Aamenrlhtm  qiiacir-idupliaatum  (Meris- 
mcpedia  punctata) .  The  occurrence  of  several  benthic  diatoms  {Nitzeahia 
sop.,  Navicula  cpyptocephala  and  Stauponeii^  spp. )  was  interesting  in 
the  light  of  extremely  low  nimibers  of  phytoplankton  during  Trip  5, 
February  1979  (Table  L-5).  As  noted  above,  the  shift  to  the  green 
algae  as  a  percentage  contribution  dominant  was  caused  by  a  bloom  of 
Ankistvodesmue  aonvolutue  during  Trip  7,  June  1979.  The  summer 
levels  of  blue  green  in  1979  were  once  again  attributed  to  Agmenellvm 
quadpi.di4pli aatum t  with  occasional  occurrences  of  high  levels  of 
Osoillatoria  (R-4,  R-16  through  R-20,  July  1979,  Table  L-8)  and 
Anabaenopeia  oivculcarie  {R-21,  July  1979,  Table  L-8).  The  green 
algae  dominance  during  Trip  10,  October,  1979,  was  again  due  to 
Ankietpodesmue  aonvolutue ^  althouqh  with  much  lower  total  numbers 
than  the  spring  bloom  (Table  L-10). 

In  summary,  phytoplankton  communities  during  the  study  period 
showed  summer  maxima  (June  1978  and  June/August  1979)  with  diatoms 
being  the  major  component  in  1978  and  greens  in  1979.  Lowest  total 
numbers  were  observed  in  the  winter  and  early  spring  (December  1978 
through  May  1979).  Although  many  species  were  occasionally  abundant, 
those  algae  which  showed  the  dominant  position  were  quite  consistent. 

The  blue  green  coccoid  Agmenellvm  was  the  most  frequent  dominant  with 
centric,  chain  forming  diatoms,  Meloeira  and  Cyolotella  glomevata 
being  the  most  common.  Arikistvodeemus  aonvolutue  accounted  for  60% 
of  the  occurrences  of  green  algal  dominances,  and  twelve  other  species 
made  up  the  remaining  40%  of  the  green  algal  dominance.  Phytoplankton 
numbers  in  the  Upper  Warrior  Lake  and  the  Tombigbee  River  were  re¬ 
latively  low  in  each  collection.  Lower  Warrior  Lake  had  the  most 
consistent  high  levels  of  phytoplankton,  with  Demopolis  Lake  having 
levels  In  late  1979  about  tenfold  as  high  as  numbers  during  the  same 
period  of  1978.  The  Lower  Black  Warrior  River  had  the  overall  study 
period  maximum  for  phytoplankton  numbers  in  August  1979.  Thus,  for 
phytoplankton  trends  in  the  Middle  Black  Warrior  and  Tc.,u  Mbee  Rivers, 
the  marked  shift  in  dominance  and  total  numbers  patterns  L  tween  May 
and  June  1979  which  did  not  return  to  the  trends  of  the  summer  and 
autumn  of  1978  was  the  most  significant  observation  for  this  study. 

3.2.3  Zooplankton 

(NOTE:  River  basin  sections  are  as  described  in  Section  3.2.2). 

Results  of  monthly  collections  of  zooplankton  are  found  in  Ap¬ 
pendix  M.  The  tables  In  this  appendix  list  all  taxa  identified  and 
the  number  of  organisms  per  liter.  This  data  has  been  reduced  to  the 
tables  and  the  figure  In  this  section. 

Table  3-26  Is  a  complete  listing  of  all  zooplankton  taxa  identified 
during  the  course  of  the  study.  The  list  represents  68  genera  and 
species  divided  over  three  phyla:  Protozoa,  Rotifera  and  Arthropoda. 

The  latter  phylum  Ims  two  major  classes  represented  in  these  cc Sections 
Cladocera  and  Copepeda.  The  Rotifera  (rotifers)  accounted  fn**  i  •%  of 


Table  3-2&.  Number  of  Occurrances  as  One  of  the  Top  Two  Dominant 
Taxa  by  Sampling  Trip. 


SAMPLING  TRIP  DATES 


SAMPLING  TRIP  NUMBER 


Agmeneltum  quadpiduplicatvm 
Cyototella  glomevata  et.  spp. 
AnkistrodosmuB  oonvolutus  et.  sp. 
Metosiva  grcmulata  et.  spp. 
Meloaira  distana  et.  spp. 


Aaterionelta  formosa 
Saenedeamus  acuminatua  et.  spp. 
Sphaerocystia  achroeteri 
Diotyosphaerium  puahellim 
"Filament  A" 

Oeaillatovia  tenuia 
Saenedeamus  quoidpioaiuda  et.  spp. 
Cyclotella  stelligera  et.  spp. 
Fragillaria  arotonensis 
Oacillatoria  limnosa 
Pandorina  morum 
Saenedesmu'i  spp. 

Andbaenopaia  aivcularis 
Errerella  boimhemiensie 
Micraatiniut'^  puailtvm 
Ititzaahia  acicutaris  et.  spp. 
Nitzaahia  aublinearis  et.  spp. 
Anabaina  osailtarioidea 
Coelaatrum  microponon 
Crucigenia  spp. 

Gomphoaphaeria  aponica 
Naviaula  cryptocephla  et.  sp. 
Noe  toe  aorrrrune 
Oacillatoria  cengutissima 
Oacillatoria  cf.  prolifiaa 
Saenedeamus  hystrix  et.  spp. 
Scenedesmus  amatus  et.  spp. 
Stccuronies  spp. 

Ulothrix  subtilissima 
(cf.  Hormidium  sp.>> 

Weatella  botry aides 


TABLE  3-: 

NOTE: 


.  Phylogentic  Listing  of  all  Zooplankton  Organisms  Encountered, 
Middle  Black  Warrior  and  Tombigbee  Rivers,  July  1978  thru 
October  1979. 

The  following  list  represents  a  compilation  of  al i  taxa  ob¬ 
served  during  Sedgwick-Rafter  zooplankton  enumerations. 
Taxanony  is  according  to  Jahn  and  Jahn  (1949)  for  the 
protozoa  and  Rennack  (1978)  for  all  other  taxa.  Occasional 
drift  organisms  (i.e.,  insects  or  nematodes)  are  not  in¬ 
cluded. 


PHYLUM  PROTOZOA 
SUBPHYLUM  MASTIQOPHORA 
CLASS  PHYTOMASTIQOPHOREA 
ORDER  CHRYSOMONADIDA 
SUBORDER  EUCHRYSOMONADINA 
Family  Coccolithophoridae 
RhizochruBiB  sp. 
ORDER  DINOFLAGELLIDA 
Family  Peridiniidae 

Cevatium  himdinellc 

SUBPHYLUM  SARCODINA 
CLASS  ACTINOPODEA 
ORDER  HELIOZOIDA 

AoHnoephaerium  sp. 
AotincphruB  sol 
CLASS  RHIZOPODEA 
ORDER  AMOEDIDA 

Family  Amoebidae 
Amoeba  sp. 

ORDER  TESTICIDA 

Family  Arcellidae 
Aroella  spp. 

Family  Difflugidae 

Difflugia  spp. 
CentropyxiB  spp. 

SUBPHYLUM  CILIOPHORA 
CLASS  CILIATEA 
SUBCLASS  EUCLIATA 
ORDER  HOLOTRICHIDA 
SUBORDER  TRICHOSTOMINA 
Parameoiitn  sp. 

ORDER  PERITRICHIDA 
SUBORDER  MOBILINA 

Vorviaella  sp. 
Epi-Btylus  nigare 
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TABLE  3-26.  (continued) 


PHYLUM  ROTATORIA  (ROTIFERA) 
MONOGONONTA 
ORDER  FLOSCULARIACEA 
Family  Conochi lidae 

Conoahilue  hippoopepis 
C.  unioomis 
Conochiloides  dosaarus 
C.  exiguus 
Family  Hexarthridae 

Hexarthva  miva 
Family  Testudinel lidae 

Filinia  longiseta 
Pcmpholyx^  sp. 

ORDER  PLIOMA 
Family  Notommatidae 

Cephalodella  sp. 
Enteroplea  laaustris 
Family  Sychaetidae 

Potyapthva  trigta 
Synohaeta  peatinata 
S.  sty  lata 

S.  spp. 

Family  Pleosomidae 
Pteoscma  spp. 

Family  Gastropodidae 
Aacamorpha  sp. 

Oaatropua  sp. 

Family  Trichocercidae 

Tpichoaeroa  longise  ta 

T.  spp. 

Family  Asplanchnidae 

Asplanahna  priodonta 
Family  Branchionidae 

Branahionna  angularie 
B.  aatyaiflorua 
B.  ccmdata 
B.  havansnaia 
B.  spp. 

Kelliaottia  longiseta 
K.  bos toniens is 
KeiVLtella  coahlearia 
K.  spp. 

Manfvedium  ntdaetylctun 

Myti linn 


Parnpliolyx  is  included  herein  to  represent  rotifers  which  were  grouped  as 
'•Entevoplea" .  The  occasional  occurence  of  this  genus,  which  was  not  recognized 
until  the  completion  of  this  study,  did  not  contribute  more  than  15%  of  the 
Entepoplea  identified. 


TABLE  3-26.  (continued) 


Sotholaa  aauininata 
N,  atriata 

Platyaia  quadricomia 
P.  patulua 
Tx^iahotria  spp. 

Family  Colurinae 
Lepadetla  sp. 

Family  Lecaninae 
Leocme  spp. 

Monoatyta  sp. 

PHYLUM  ARTHROPODA  . 

CLASS  CRUSTACEA^ 

ORDER  CLADOCERA 

Family  Holopedidae 

EoVpedvm  amozoniom 
Family  Sididae 

Diaphanoaoma  braohyurm 

Family  Daphnidae 

Cer>iodacphnia  laauatpia 
Daphnia  spp. 
Simoaephalus  sp. 

Moina  tmaroaopa 
Moinodaphnia  sp. 

Family  Macrothricidae 
Maarothrix  sp. 

Family  Eurycercina* 

EwpyaercuB  lamellatua 
Family  Bosminidae 

Boamina  langimatria 
Family  Chydorldae 
Alonella  sp. 

Alana  sp. 

ORDER  COPEPODA 

SUBORDER  CYCLOPOIDA 
Attheyella  sp. 

C^lopa  spp. 

Meaoayalapa  sp. 

SUBORDER  CALANOIDA 
Diaptamua  spp. 

SUBORDER  TARPTICOIDA 
ORDER  OSTRACODA 


^Not  In  Phylogentic  order 
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the  species  identified,  the  single  largest  contribution.  The  remain¬ 
ing  phyla  and  classes  were  rank  ordered  as  Cladocera  (cladocerans) , 

18%;  Protozoa  (protozoans),  16%;  and  Copepoda  (copdpods),  6%.  The 
largest  group,  the  rotifers,  were  divided  among  two  orders  and  twelve 
families.  The  most  abundant  family  was  the  Brachionidae.  The 
Daphididae  was  the  most  abundant  cladoceran  family  and  the  copepods 
were  relatively  evenly  divided  among  the  identified  groups.  The 
Protozoa  genera  and  species  encountered  cover  many  subphyla  and  classes. 
However,  generic  distribution  among  these  major  taxa  is  relatively 
even.  The  distribution  of  numbers  of  species  among  the  major  taxa 
is  very  representative  of  the  patterns  of  dominance  in  the  zooplankton 
community  structure. 

Figure  3-2  is  a  summary  of  the  community  composition  of  zooplankton 
during  the  monthly  collections.  The  most  obvious  feature  of  the  zooplank¬ 
ton  community  structure  is  the  predominance  of  rotifers  in  the  majority 
of  collections.  During  the  first  three  collections  of  the  study,  June 
to  October  1978,  rotifers  were  the  dominant  group  in  all  but  two  instances. 
In  June  1978  copepod  naupli  were  about  5%  greater  in  occurrence  in 
Upper  Warrior  lake.  Indeed,  during  all  trips  in  this  period  the 
percentage  contribution  of  copepods  was  higher  in  Upper  Warrior  Lake 
than  any  other  section.  In  August  1978,  the  cladocerans  were  slightly 
more  abundant  than  the  rotifers  in  Lower  Warrior  Lake.  Cladocerans 
also  contributed  fairly  high  percentages  to  the  community  structure 
in  the  Lower  Black  Warrior  River  and  Demopolis  Lake.  All  sections 
showed  moderately  high  total  numbers  (2^200/1 iter)  during  the  early 
summer,  with  a  steady  decline  during  late  fall.  These  summer  com¬ 
munities  began  to  shift  during  the  first  winter  collection. 

Winter  zooplankton  collections,  December  1978  and  February  1979, 
were  more  evenly  composed  of  all  major  groups.  Upper  Warrior  Lake 
samples  during  the  winter  were  dominated  by  copepods,  with  protozoans 
having  about  10%  of  the  compositions.  Lower  Warrior  Lake  had  a  com¬ 
munity  structure  of  about  the  same  distribution.  Both  of  these  sections 
also  had  relatively  high  proportions  of  cladocerans  (25%).  The  Lower 
Black  Warrior  River  had  fewer  copepods  (20%)  with  rotifers  and 
cladocerans  having  about  40%  each  during  December  1978.  In  the 
Tombigbee  River  and  Demopolis  Lake,  rotifers  ?nd  copepods  were  the 
major  groups  in  December.  During  February  1979,  all  river  sections 
were  dominated  by  copepods,  including  many  adult  forms,  with  rotifers 
having  moderately  high  percentages  as  well.  From  these  relatively 
even  distributions  in  the  winter,  which  were  accompanied  by  very  low 
numbers  (10-50  per  liter),  early  spring  zooplankton  populations  showed 
marked  increases. 

Throughout  the  remainder  of  the  study,  including  spring,  summer 
and  early  fall  1979,  rotifers  ware  generally  the  dominant  group  of 
organisms.  Only  the  Upper  Warrior  Lake  showed  variation  from  this 
trend,  having  copepod  naupli i  and  adults  as  a  major  contributor  in 
June  and  July  1979.  Maximum  numbers  of  zooplankton  were  recorded  in 
June  1979,  especially  in  Lower  Warrior  Lake  (600/liter),  the  Lower 
Black  Warrior  River  (700/liter)  and  Demopolis  Lake  (450/liter). 

Upper  Warrior  Lake  and  the  Tombigbee  River  did  not  exhibit  these  large 
numbers  in  June  1974  but  had  only  moderate  total  numbers  (200-300/1  iter) 
which  were  comparable  with  numbers  observed  throughout  the  warm  months. 

All  stations  experienced  a  decline  in  total  numbers  in  July  1979  fe.g. 
Lower  Warrior  Lake  dropped  from  600/liter  to  approximately  150/liter), 
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FIGURE  3-2.  Conmunlty  Composition  and  Total  Numbers  of  Zooplankton  in  Major  River  Sections,  Middle 
Black  Warrior  and  Tombigbee  Rivers,  July  1978  and  October  1979 
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although  rotifers  remained  the  predominant  organism.  ^roughout  the 
remainder  of  tht  study,  rotifers  dominated  the  collections  although 
copepods  began  to  increase  in  most  sections  in  August  1979  while 
cladocerans  had  a  1979  peak  (30%  contribution)  in  Derriopolis  Lake 
during  August  1979.  In  all  cases,  rotifers  were  the  spring  to  fall  domi¬ 
nant  in  all  river  sections  in  1979  with  the  average  contribution  being 
approximately  90%. 

The  dominance  of  the  rotifers  in  percentage  contribution  was 
reflected  in  the  analysis  of  dominant  species  (defined  as  the  two  most 
numerically  abundant  species  at  each  station  during  each  collection). 
Fu'*ly  70%  of  organisms  recorded  as  dominant  were  rotifers  (Table  3-27) 
with  Kevatella  aoahleax^ls  ot  spp.  being  dominant  at  18%  of  all  samples 
collected.  Conoahilua  uniaomist  a  ubiquitous  rotifer,  was  dominant 
in  15%  of  the  samples.  The  only  non-rotifer  contributing  more  than  5% 
d^inants  to  the  total  study  was  the  cladoceran  Bosmina  longivostris^ 
with  12%  total  dominance.  Three  protozoans,  Cevatium  hii'udinella, 
Epistglus  nigare  and  Vovtiaella  were  occasional  dominants,  as  were 
the  copepods  Cyclops  spp  and  Diaptomus  spp.  flotifera  was  the  most 
abundant  phylum  with  the  Cladocera,  Copepods  and  Protozoa  following 
in  rank  order. 

In  surimary,  zooplankton  populations  evidenced  summer  maxima  and 
winter  minima  with  rotifers  comprising  both  the  greatest  number  of 
taxa  encountered  and  the  highest  levels  of  dominance,  both  by  percent 
contribution  and  numerical  abundance.  The  cladocerans,  especially 
Bosmina  longivostvis  ^  were  frequently  abundant  in  mid-sunner  while 
copepods  showed  high  percentages  in  community  contribution  in  the  late 
fall  and  winter  months.  As  with  phytoplankton  (see  Section  3. ’.2),  a 
marked  change  was  noted  in  spring  1979  (May)  when  the  percentage  of 
rotifers  far  exceeded  the  community  contribution  of  the  Rotifera  in 
1978.  In  but  a  few  instances,  the  contribution  of  the  Crustacea  was 
quite  low  during  all  of  1979. 

3.2.4  Macroinvertebrates 


3.2.4. 1  Benthic  Macroinvertebrates,  Ponar  Dredge 

Collections  of  benthic  macroinvertebrates  were  made  at  three 
points  of  the  river  cross  section  at  each  station.  The  results  of 
these  collections  and  the  averages  and  calculated  indices  are  found 
tabulated  in  Appendix  N.  The  summarization  of  this  section  presents 
a  listing  of  taxa  identified  and  river  section  versus  date  data  for 
community  composition,  total  numbers  and  Shannon-Weaver  diversity. 

Table  3-28  is  a  complete  listing  of  all  benthic  macroinvertebrates 
collected  by  Ponar  dredge  during  the  study.  Class  Insecta  provided 
the  greatest  number  of  species  with  Chironomidae  (chironomids,  the  midge 
flies)  having  the  greatest  number  of  taxa  (genera)  of  any  family. 

Other  insect  groups,  rank  ordered  by  number  of  taxa  'n  each,  are  the 
Ephemeroptera  (mayflies),  the  Trichoptera  (caddisfl ies) ,  Coleoptera 
(beetles),  Odonata  (dragon  and  damsel  flies),  Plecoptera  (stoneflies) 
and  Megalo^tera  (fishflies).  Many  other  phyla  and  classes  were 
represents  .  Of  these,  many  were  of  only  occasional  occurrence.  For 
this  reason,  many  organisms  were  of  only  minor  importance  to  the 
conmunity  structure.  To  facilitate  interpretation  of  data,  many  of  the 
less  prevalent  taxa  have  been  grouped  together. 
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TABLE  3-27.  Number  of  Occurrences  as  One  of  the  Top  Two  Dominant 

Zooplankton  Taxa  ty<  Sampling  Trip,  Middle  Black  Warrior 
and  Tombigbee  Rivers,  July  1978  thru  October  1979 


S0cc1ts  Occurring  as  One  of  the  Tmo 

July  30  -  Aug.  4 

1978 

Aug.  27  -  Sept.  1 

1978 

Oct.  1  -  Oct.  5 

1978 

Dec. 

1978 

Feb.  28  -  Karch  2 

1979 

April  13  -  April  16 

1979 

June  17  -  June  20 

1979 

July  29  -  Aug.  1 

1979 

Aug.  26  -  Aug.  29 

1979 

Oct.  1  -  Oct.  3 

1979 

Hast  Nuanrlcally  Abundant 

^1 

2 

3 

4 

5 

[6 

7 

8 

9 

.  10 

X 

Kmrmt0lla  cochloaria  et.  sp. 

6* 

1 

2 

2 

D 

18 

11 

15 

18 

79 

Cci*o&hilua  unufamis  et.  sp. 

10 

5 

WM 

Poljferthra  trigla 

6 

2 

2 

6 

3 

D 

13 

3 

12 

62 

BomAna  longiroatri* 

2 

7 

13 

15 

9 

■a 

1 

52 

Syoimeta  Btylata 

13 

5 

8 

1 

5 

32 

BivoBionuc  (XilyeifloruB  et.  spp. 

12 

11 

m 

■ 

2 

25 

Synehaata  pectinata 

16 

16 

BUtphanoscna  bnaahynnm 

3 

2 

1 

6 

1 

15 

Cmnoohilug  htppofi'vpia  et.  sp. 

13 

■■ 

13 

CeMtiian  hijrudimlla 

»■ 

3 

3 

10 

Cmaatdlm  do09auruB  et.  sp. 

10 

M 

10 

Ccnoekiloidee  axigum 

3 

D 

1 

8 

OfdpCjmua  spp. 

2 

3 

AiteivpZea  laattstria 

3 

■I 

Baxarttwa  mira 

Beaohioftue  angulctria  et.  Spp. 

1 

5 

tilimia  longiaata 

4 

4 

BraokionuB  spp. 

1 

1 

1 

3 

Atplanoha  priodonta 

2 

2 

Braehionue  caatdatue  et.  spp. 

2 

2 

Cyclops  spp. 

1 

1 

2 

Ksllicottia  longispina 

1 

2 

Csriodapbnia  laaustrie 

n 

9 

A 

Bpistylua  nigars 

1 

1 

Hotholoa  accuainatua 

1 

1 

Plsosaata  spp. 

1 

1 

Yortieella  $p. 

■i 

■1 

1 

1 

*  Values  represent  the  total  number  of  stations,  on  the  given  date, 
at  which  the  species  was  one  of  the  two  most  abundant  species. 
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Table  3-28.  Phylogenetic  Listing  of  Macroinvertebrate  Taxa. 

Collected  by  Ponar  Dredge,  Middle  Black  Warrior 
and  Tombigbee  Rivers,  July  1978  through  October 
1979. 


PHYLUM  C0ELENTERA7A 
CLASS  HYDROZOA 
ORDER  HYDRO  IDA 
Family  Hydridae 
Hydra 

PHYLUM  PLATYHELMINTHES 
CLASS  TURBELLARIA 
PHYLUM  NEMERTEA 

Pros  tana  rubrum 
PHYLUM  NEMATODA  (nematodes) 

CLASS  ADENOPHOREA 
PHYLUM  BROYOZOA 
PHYLUM  MOLLUSCA 
CLASS  PELECYPODA 
ORDER  HETERODONTA 
Family  Corbiculidea 

Corbiaula  manilensis 
Family  Unionidae 

Tritigonia  verruooBa 
Obliquaria  reflexa 
CLASS  GASTROPODA 

ORDER  BAS0M1AT0PHERA 
Family  Ancylidae 
Laevapex 
Family  Physidae 
Phyja 

Family  Pl'anorbidae 

Gyraulus 
Family  Bulmidae 

Birgella  subglobosa 
Clappia 
Phyrgulopsie 
Family  Plueroceridae 
Goniobasis 
Pluerooera 
Family  Viva pari dae 
Campe lama 
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TABLE  3-28.  (continued) 


PHYLUM  ANNELIDA 
CLASS  OLIGOtHAETA 
ORDER  HAPLOTAXIDA 

Family  Naididae 
Family  Tubificidae 
CLASS  HIRUDINEA 
PHYLUM  ARTHROPODA 
CLASS  CRUSTACEA 

ORDER  CLADOCERA  (water  f1ie<^) 
Family  Daphnidae 

Ceriodaphnia 

Daphnia 

Family  Hoi  oped iadae 

Holapedium  amazonCoum 
Family  Macrothricidae 

Ityooryptua  apinifer 
Family  Sididae 

Sida  oryatallina 
ORDER  COPEPODA  (copepods) 

SUBORDER  CALANOIDA 
Family  Diaptomidae 
Diaptomna 
SUBORDER  CYCLOPOIDA 
ORDER  OSTRACODA  (seed  shrimp) 

ORDER  AMPHIPODA 

Family  Gammer idae 
Ci-angonyx 
Family  Talitridae 

Hyalella  azteca 
ORDER  ISOPODA  (isopads) 

Family  Asellidae 
AaelVua 
Liroeue 

CLASS  ARACHNIDA 

ORDER  ACARINA  (mites) 

Family  Unionicolidae 

Unionioola 

CLASS  INSECTA 

ORDER  EPHEMEROPTERA 
Family  Baetidae 
Baetia 

Family  Caenidae 
Caenia 

Family  Ephemeridae 
Hexagenia 
Pentagenia 
Family  Heptageniidae 
Stenonema 


TABLE  3-28.  (continued) 


Family  Tricorythidae 
Triaoxythodes 
Family  Polymitarcyide 

Tox*topii8  inoertue 
ORDER  ODONATA 

SUBORDER  ZYGOPTERA 
Family  Coenagriidae 
Argia 

SUBORDER  ANISOPTERA 
Family  Gomphidae 
Gamphua 
Dranogomphue 
Family  Macromiiade 
Maavamia 
ORDER  PLECOPTERA 

Family  Perlidae 

Seopevla  oylmeue 
ORDER  MEGALOPTERA 

Family  Sialidae 
Sidlia 

ORDER  COLEOPTERA 

Family  Elmidae 
Beroaua 
Dubiraphia 
Ordobrevia 
Stenebnia 
ORDER  TRICHOPTERA 

Family  Hydropsychidae 
Hydropayche 
Chuema topayahe 
Potamyia 

Family  Psychomiidae 
Cyimellua 

Family  Leptoceridae 

Olaetia 

ORDER  DIPTERA  (flies,  general) 

Family  Dolichopidae 
Family  Empidae 
Family  Culicidae 
Subfamily  Chaoborinae  (phantom  midges) 
Chadborua 

Family  Ceratopogonidae  (biting  midges) 
Family  Simulidae 
Simulium 


TABLE  3-28.  (continued) 


Family  Chironomidae 
Ablabeemyia 
Chiponcmis 
Cladotany  tarsus 
Coelotanypus 
Criootapus 
CryptoohivoncsTus 
Crypototendipes 
Diorotendipes 
Einfeldia 
Epoiooo ladius 
Glyptotendipes 
Hamisohia 
Labrundinia 
Miorapseotra 
Orthooladius 
Parachifonamus 

Pavaa  ladope  Ima 

Paratendipes 

Pentaneura 

phaenospeotra 

PoLypediVim 

Proaladius 

Pseotrooladius 

Hheotany tarsus 

Stempellina 

Stenoahironcmus 

SHotoohivonomus 

Tanypus 

TanytarsuB 

Tribelos 

Xenoohironcmus 


Figure  3-3  presents  a  graphic  representation  of  the  major  benthic 
macroinvertebrate  groups  as  they  comprised  the  benthic  community. 
Additionally,  the  graph  displays  total  numbers  of  benthic  macroinverte¬ 
brates  during  each  month.  In  most  collections  the  Oligochaeta  comprised 
^50%  of  the  total  community  structure.  HoMever,  several  exceptions 
are  noted.  The  Warrior  Lake  was  frequently  dominated  by  Corhiaula 
mccnilensis .  This  was  the  case  during  the  summer  of  both  1978  (July 
1978,  Table  N-1)  and  1979  (August  1979,  Table  N-6).  In  the  1978  col¬ 
lection,  many  clams  were  large  but  during  1979  all  clams  were  less 
than  0.5  cm  in  diameter  (see  tables  given  above).  Lower  Warrior  Lake 
also  had  moderate  numbers  of  Corbioulat  with  the  average  percentage 
contribution  being  about  half  that  of  Upper  Warrior  Lake  (Figure  3-3). 

The  Lower  Warrior  Lake  clams  were  generally  larger  than  those  found  in 
Upper  Warrior  Lake  as  evidenced  by  biomass  estimations  (Table  3-4). 

The  group  listed  as  "All  others"  in  Figure  3-3  was  generally  comprised 
of  mayflies  and  caddisflies.  This  group  was  an  occasional  majority 
of  the  benthos.  The  Tombigbee  River  and  Demopolis  Lake  had  the  highest 
overall  contributions  of  this  grouping.  The  Tombigbee  River  was  90% 
"others"  in  July  1978  of  which  75%  was  contributed  by  C72ai>orus ^ and  25% 
by  the  mayfl>  '  .ragenia  (Table  N-1).  Another  peak  of  "others"' 
occurred  in  the  Tombigbee  River  in  August  1979  was  also  contributed  by 
the  mayflies  (Table  N-6).  Mayflies,  especially  large  Hexagenia^  were 
also  responsible  for  the  parallel  peaks  in  Demopolis  Lake  (Table  N-1 
and  N-6).  The  chironomids  were  a  ubiquitos  and  evenly  dispersed  group, 
occurring  in  all  sections  as  at  least  10-25%  of  the  benthos. 

Trends  of  total  numbers  (Figure  3-3)  and  biomass  (Figure  3-4) 
show  very  similar  patterns.  A  maxima  occurred  in  December  1978  for 
all  Black  Warrior  River  sections  with  Lower  Warrior  Lake  having  the 
highest  average  total  number  of  benthos,  350/m2  (Figure  3-4).  The 
highest  x\or\-Corbiaula  biomass  occurred  in  Lower  Warrior  Lake  in  July 
1978,  16  g/m^,  and  was  largely  comprised  of  large  Hexagenia.  All 
sections,  except  Demopolis  Lake,  experienced  a  sharp  decline  in  numbers 
and  biomass  during  May  1979.  The  high  biomass  in  Demopolis  Lakes  during 
that  month  was  predominantly  Hexagenia  in  conjunction  with  the  chironomids 
(Table  N-3).  During  the  summer  month  of  1979,  a  total  number  of  benthos 
increased  steadily,  reaching  a  maximum  in  all  sections  in  August.  Bio¬ 
mass  values  however,  were  low  (>5.0  g/m^)  throughout  this  time.  In 
general,  however.  Warrior  and  Demopolis  Lakes  had  the  highest  total 
numbers  and  highest  average  biomasses  of  any  of  the  river  sections. 

Shannon-Weaver  diversity  values  (d^)  are  given,  along  with  section, 
.monthly_and  study  period  averages  in  Table  3-29.  Generally,  all  stations 
showed  d  values  in  the  range  defined  by  most  workers  as  indicative  of 
"intermediate  water  quality"  (Mason,  Lewis  and  Hudson,  1975).  Although 
slight  fluctuations  in  average  values  for  the  river  sections  are  present 
(1.75  to  2.35),  the  basic  pattern  of  benthos  diversity  is  not  varied 
from  river  section  to  river  section.  The  major  noticeable  trend  across 
the  months  is  the  distinct  drop  in  ?  levels  between  December  1978  and 
May  1979  in  all  sections  (May  1979  had  the  lowest  average  ~6  during  the 
study). 

In  summary,  the  Middle  Black  Warrior  and  Tombigbee  River  system 
benthos  is  comprised  chiefly  of  insects  and  oligochaetes  and  shows 
wide  seasonal  variations  of  benthic  biomass.  Lower  Warrior  Lake  and 
Demopolis  Lake  had  the  highest  total  numbers  and  biomass  values. 


Figure  3-4.  Benthic  Macroinvertebrate  biomass  (grams/m^)  ^rom  Ponar  Collections,  Middle  Black  Warrior 
and  Tombigbee  River,  July  1978  through  August  1979. 


Collection  Date 


Shannon-Weaver  diversity  indicies  indicated,  on  the  average,  that  both 
river  basins  were  moderately  polluted  and  had  only  slightly  varying 
species  diversity.  Overall,  the  river  basins  have  an  aD'mdance  of 
benthic  organisms  which  comprise  the  basis  of  the  food  chain  leading 
to  good  fish  production  in  the  study  area. 

3. 2. 4. 2  Macroinvertebrates,  Multiple  Plate  Samplers 

Multiple  plate  samplers  (MPS)  were  positioned  at  selected  stations 
during  four  sampling  periods.  At  several  collection  dates  (see  Ap¬ 
pendix  0)  some  samplers  were  not  recovered  due  to  loss  by  vandalism, 
high  water  or  other  means.  Results  of  these  collections  are  found 
in  Appendix  0.  Table  3-30  presents  the  taxa  of  macroinvertebrates 
identified  from  multiple  plate  samplers. 

The  overwhelming  majority  of  invertebrates  collected  by  MPS  we.e 
chironomids.  Approximately  30%  fewer  genera  were  encountered  on  the 
MPS  than  in  the  benthos  collections.  August  1978  had  very  high  total 
numbers  of  organisms  (2000-6000/m2)  which  were  20%  caddisflies 
(represented  by  Cymellus)  and  70-75%  chironomids  (Table  0-1).  The 
February  1979  collection  evidenced  a  marked  decrease  in  total  numbers 
(540-850/m2)  although  chironomids  continued  to  comprise  ^75%  of  the 
community  (Table  0-2).  Summer  1979  samples  showed  a  return  to  the 
levels  seen  in  July  1978.  The  community  structure  became  more  balanced 
with  caddisflies  and  chironomids  each  comprising  about  40%  of  the_ 
collected  organisms  (see  Tables  0-3  and  0-4).  Diversity  indices  (d) 
for  MPS  were  very  similar  to  those  for  Ponar  samples,  with  a  classifica¬ 
tion  of  "intermediate  water  quality"  (see  Section  3.2.4. 1).  In 
contrast  to  Ponar  samples,  neither  community  structure  nor  diversity 
showed  much  difference  between  river  basins.  Thus,  MPS,  in  many 
respects  corroborated  trends  observed  for  benthic  macroinvertebrates, 
especially  seasonal  trends.  However,  community  structures  varied 
significantly,  with  chironomids  being  the  dominant  MPS  taxa. 

3.2.5  Algal  Growth  Potential 

Algal  growth  potential  (AGP)  tests  were  conducted  three  times 
during  the  study  period.  The  results  of  the  individual  cell  counts 
and  chemical  analyses  are  found  in  Appendix  P.  Figure  3-5  sui  imarizes 
the  results. 

The  results  of  AGP  testing  showed  wide  variation  between  the  actual 
algal  production  values  for  the  three  tests.  However,  the  treatments 
to  which  the  algae  responded  were  generally  the  same  during  each  test. 

P  N  and  EDTA  +  P+N  generally  gave  the  highest  cell  production  values.  N, 
EBTA  and  EOTA+N  generally  produced  values  in  the  range  of  the  control  treat¬ 
ments.  P  gave  the  highest  values  of  any  single  nutrient. 

There  are  some  station  by  station  variations.  R-2  had  the  lowest 
cell  production  levels  during  each  test  with  EDTA+P+N  generally 
producing  the  highest  levels  at  that  station.  Another  trend  at  R-2 
is  the  increase  in  cell  production  during  each  sampling  trip.  All 
Black  Warrior  River  stations  had  approixmately  equal  cell  productions 
in  the  individual  tests  with  P+N  giving  the  highest  results.  R-17 
produced  the  highest  "Hmhprc  nf  cplls  Hiirinn  October  1978  and 
rv— nuyuit  1^79.  (It  should  be  noted  that  the  May  1979 
results  were  very  low  for  all  stations.)  The  complete  treatment, 

EDTA+P+N,  produced  the  greatest  number  of  cells  at  R-17.  R-21  results 
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Table  3-30.  Phylogenetic  Listing  of  Macroinvertebrate  Taxa 

Collected  by  Multiple  Plate  Sampler,  Middle  Black 
Warrior  and  Ton4)igbee  Rivers,  July  1978  through 
October  1979. 


PHYLUM  COELENTERATA 
CLASS  HYDROZOA 
ORDER  HYDRO IDA 

Family  Hydridae 

Hydra 

CLASS  TURBELLARIA 
PHYLUM  NEMERTEA 

Proetoma  rubrm 
PHYLUM  NEMATODA  (nematodes) 

CLASS  ADENOPHOREA 
PHYLUM  BRYOZOA 
PHYLlfl  MOLLUSCA 
CLASS  PELECYPODA 
ORDER  HETERODONTA 

Family  Corbiculidae 

Corbioula  mcmilensis 

CLASS  GASTROPODA 

ORDER  BASOMMATOPHERA 
Family  Ancylidae 
Laevapex 
Family  Physidae 
Flysa 

Family  Planorbidae 

GyrcculuB  .. 

Family  Plueroceridae 
Pluerooera 

PHYLUM  ANNELIDA 
CLASS  OLIGOCHAETA 
ORDER  HAPLOTAXIDA 

Family  Naididae 
Family  Tubificiade 
PHYLUM  ARTHROPODA 
CLASS  CRUSTACEA 
ORDER  CLADOCERA 

Family  Daphnidae 

Ceriodccphnia 

Dccphnia 


TABLE  3-30.  (continued) 


m 


Family  Sididae 

Diaphanoeoma  broahyamm 
Sida  oryetdllina 
ORDER  COPEPODA 

SUBORDER  CALANOIOA 
Family  Diaptomidae 
Diaptomus 
SUBORDER  CYCLOPOIDA 
ORDER  OSTRACODA 
ORDER  ANPHIPODA 

Family  Gammendae 
Garmavue 

Family  Talitridae 

Hyalelta  azteaa 
ORDER  ISOPODA  (isopods) 

Family  Asellidae 
Aaetlue 

CLASS  ARACHNIDA 
ORDER  ACARINA 

Family  Unioncolidae 
Unioniaota 

CLASS  INSECTA 

ORDER  EPHEMEROPTERA 
Family  Baetidae 
Baetia 

Family  Caenidae 

Caenia 

Family  Heptageniidae 

Heptagenia 

Stenonema 

Family  Tricorythidae 
Trd,aory  thodea 
ORDER  ODONATA 

SUBORDER  ZYGOPTERA 
Family  Coenagriidae 
Apgia 

SUBORDER  ANISOPTERA 
Family  Gomphidae 

Dr’cmogamphue 
Family  Libel! utidae 
Niieroaordalia 
Family  Macromiidae 
Maaromia 
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TABLE  3-30.  (continued) 


ORDER  PLECOPTERA 

Family  Perlidae 

koTonoeuria 
Family  Nemouridae 
ProBtoia 

ORDER  COLEOPTERA 

Family  Elmidae 

Stenehnia 

ORDER  TRICHOPTERA 

Family  Hydropsychidae 
Rydropayohe 
Chuema topayohe 
Potcartyia 

Family  Psychomiidae 
CyimelluB 

Family  Leptoceridae 
Otoertia 

Family  Hydroptilidae 
Agraytea 
Bydiiptila 

ORDER  DIPTERA 

Family  Empidae 
Family  Culicidae 
Subfamily  Chaoborinae 
Chaoboma 

Family  Ceratopogonidae 
Family  Simulidae 
Simulium 

Family  Chironomidae 
Ablabeamyia 
Chizvncrnua 
Cz^otopua 
(hyptookironanuB 
DioTotendipea 
Einfeldia 
EndoohirononatB 
EukiffeTella 
Glyptotendipea 
Miarapaaotra 
Orttu^ladiuB 
PcoKtohivoncmiB 
Pentcmeura 
Phaenoepeotra 
Polypedilm 
Prooladiua 
Paeotroo  ladiua 
PauedoohironontuB 
Rheotanytcame 
StenoohiTonomua 
Tcmytaraua 
Tkimmarmie  I  la 
TribeloB 


were  similar  to  R-17,  with  slightly  reduced  cell  production  values 
for  August  1979.  At  R-23  the  results  looked  quite  similar  to  the 
BUck  Warrior  River  results. 


Thus,  AGP  test  results  indicate  general  phosphorus  limitation 
for  both  basins.  Nitrogen  and  EDTA  additions  were  seen  to  increase 
production  even  further. 

3.2.6  Aquatic  Macrophyte  Distribution 

The  results  of  the  September,  1978,  and  August  1979,  surveys 
of  aquatic  macrophytes  are  presented  in  Appendix  Q.  The  tabulated 
data  in  this  section  includes  alphabetical  lists  of  all  plants  ob¬ 
served  during  each  survey  and  a  separate  tabulation  of  the  most 
abundant  species  and  the  other  plants  at  each  locality.  For  the 
purposes  of  the  data  presentation  the  study  area  has  been  sub-divided 
into  three  sections:  Warrior  Lake  (R-1  thru  R-9),  the  Lower  Black 
Warrior  River  (R-10  thru  R-16)  and  the  Tombigbee  River  and  Lake 
Demopolis  {R-17  thru  R-23). 

Table  3-31  presents  a  complete  listing  of  all  the  taxa  ob¬ 
served  and  reported  as  aquatic  macrophytes.  Among  these,  only  a 
few  would  be  considered  true  aquatic  macrophytes.  These  would  be 
cattails  (Typha)^  hornwart  {chara),  sedges,  rushes,  giant  cutgrass 

{Zizaniopais  milaaea),  alligator  weed  {Altemantheva  vhiloxeroides) 
and  water  willow  [Justiaa  afnerioana)  and  coon-tail  \Ceratcphyllum) . 
Many  of  the  other  listed  plants  (e.g.  Sagittaria,  Hisbisaus  and 
Taxodium)  are  shoreline  and  wet  area  associates.  The  remaining 
species  are  those  plants  found  growing  along  the  shoreline,  on 
sandbars  and  along  the  sides  of  sloughs  and  creeks.  The  listing 
in  Table  3-31  has  re-organized  into  the  alphabetical  listing  and 
location  tables  presented  in  Appendix  Q. 

The  alphabetical  listings  of  plants  observed  (Tables  Q-1 ,  Q-3, 
Q-5,  Q-7,  Q-9  and  Q-11)  indicate  that  approximately  the  same  species 
were  observed  each  year.  The  major  variation  between  the  two  observe 
tions  is  the  inclusion  of  several  more  shoreline  associates  (e.g. 
alder,  river  cane)  during  1979.  This  is  attributed  to  two  factors. 
The  first  is  the  experience  of  the  investigator  in  searching  likely 
areas  (sloughs,  for  example)  which  contribute  more  species.  The 
second  is  the  variation  in  water  levels  of  the  reservoirs  during 
the  two  surveys.  Thus,  the  alphabetical  lists  provide  a  reference 
for  the  location  lists  (Q-2,  Q-4,  Q-6,  Q-8,  Q-10,  and  Q-12). 

Aquatic  macrophytes  and  associated  plants  occurred  throughout 
the  Black  Warrior-Tombigbee  basin.  As  can  be  seen  on  the  location 
tables  (Appendix  Q)  most  macrophytes  grew  in  patches  or  strips  along 
the  banks.  These  clumps  were  confined  predominately  to  water  less 
than  five  feet  deep.  Aquatic  plants  also  grew  well  at  creek  and 
slough  inlets,  often  forming  dense  barriers  of  matted  surface  growth. 
In  general  the  aquatic  macrophytes  were  isolated  in  these  near-shore 
strips  and  posed  no  problem  to  general  river  traffic. 

The  location  tables  also  show  that  the  macrophytes  were  commonly 
found  in  "associations"  with  only  rare  cases  of  individual  species 
occurring  at  single  locations.  By  far  the  most  common  aquatic  mac¬ 
rophytes,  both  by  number  of  locations  and  number  of  times  as  the 
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TABLE  3-31.  Taxanomic  List  of  Aquatic  Macropl^tes  Observed, 
Middle  Black  Warrior  and  Tombigbee  Rivers, 
September  1978  and  August  1979. 


DIVISION  CHLOROPHYTA 
CLASS  CHLOROPHYCEAE 
ORDER  CHARALES 
Family  Characeae 
Genus  Chora 
PHYLUM  PTERIDOPHYTA 

Family  Asniddceae 

Genus  Dnoalea  senaibilis 
PHYLUM  SPERMATOPHYTA 
CLASS  GYMNOSPERMAE 

SUBCLASS  MONOCOTYLEDONEAE 
Family  Taxodiaceae 

Genus  Taxodium  distiahum 
CLASS  ANGIOSPERMAE 

Family  Thyphaceae  (cattails) 

Genus  J^ha  loti  folia 
Family  Alismataceae 

Genera  Eohinodorua  aordifoliua 
Sagittaria  montevidienaia 
S.  graminea 
S.  lati folia 

Family  Poaceae  (grasses) 

Genera  Arundinaria  gigantea 
Eragroatia  ailiartenaia 
E.  hypnoidea 
E.  glomrata 
Leeraia  oryzoidea 

Zizaniopaia  milaaea 
Eahinoohloa  aruagalli 
Paapalum  sp. 

Digitaria  aanguinalia 
Puniaum  agroatoidea 
P.  dichotamiflowm 
P.  hemi  toman 
Erianthua  atriatua 

E.  giganteua 
Tripaaam  daatyloidea 

Family  Cyperaceae  (sedges) 

Genera  Cyperua  polyataahyoa 
C.  odoratua 
C.  artiaulatua 
C.  erythrorhizoa 
C.  iria 

C.  paeudovegetua 
C.  atrigoaua 
Eleocharia  obtuaa 
Fimbrietylie  cnxtvrmalia 

F.  miliaoca 
F.  vahlii 
Sairpua  amerioanua 
S.  ayperiniua 
Fhynohoapora  oomiouLata 
Carex  Joorii 
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TABLE  3-31.  Continued 


Family  Arecaceae 
Genus  Sabal  minor 
Family  Lemnaceae 

Genus  Spirodela  oligorrhiza 
Family  Connell naceae 

Genus  Comme  Una  aorrmunis 
Family  Pontiderlaceae 

Genus  Heteranthera  renifortrris 
Family  Juncaceae 

Genus  J uncus  effusus 
SUBCLASS  DILOTYLEDONEAE 
Family  Saururaceae 

Genus  Saicrurua  oemuus 
Family  Sallcaceae 
Genus  Salix  nigra 
Family  Betulaceae 

Genus  kinus  serrulata 
Family  Urticaceae 

Genus  Boehms ria  oylindrioa 
Family  Polygonaceae 

Genus  Polygonum  pennsylvanicum 
P.  lapathifolium 
P.  punotatum 
Family  Amaranthaceae 

Genus  Altemanthera  philoxeroidss 
Family  Aizoaceae 

Genus  Mollugo  vertioillata 
Family  Ceratophyl 1 aceae 

Genus  Ceratophyllum  sp.  (unidentified) 
Family  Brassicaceae 

Genus  Rorippa  sessiliflora 
Family  Saxifragaceae 
Genus  Itea  virginiaa 
Family  Platanaceae 

Genus  Platanus  oaoidentalis 
Family  Fabaceae 

Genera  Cassia  obtusifolia 
Sesbanic  exattata 
Glottidium  vesioarivm 
Family  Sapindaceae 

Genus  Cardiospermum  halicacabum 
Family  Malvaceae 

Genus  Hibiscus  mosoheutos 
H.  militaris 
Family  Hypericaceae 

Genus  Hypericum  walteri 

H.  sp.  (unidentified) 

Family  Lythraceae 

Genus  Ammannia  cocaine  a 
Family  Melastomataceae 
Genus  Rhexia  verginica 
Family  Onagraceae 

Genus  Luduigia  decurrens 
L.  leptocarpa 
L.  peploides 

3-93 


TABLE  3-31.  Continued 


Genus  Ludtaigia  (continued) 

L.  paluatiriB 

L.  sp.  (unidentified) 

Family  Aplaceae 

Genus  Hydpoootyle  vertioiltata 
Family  Convolvulaceae 

Genera  Cueouta  sp.  (unidentified) 
Ip  ansa  laaunosa 
Family  Hydrophyllaceae 

Genus  Hydro  lea  quadrivalvie 
Family  Boraginaceae 

Genus  Heliotrap-ium  indiaum 
Family  Verbenaceae 

Genus  Lippia  lanoeolata 
L.  nodi  flora 
Family  Solanaceae 

Genus  Datura  stramonium 
Family  Scrophularlaceae 
Genera  Baaopa  repens 

Linds mia  anagallidia 
L.  dubia 
Family  Acanthaceae 

Genus  Justioia  ameriac^ia 
Family  Rublaceae 

Genera  Cephalanthus  oaaidentalis 
Diodia  verginiana 
Spermaaooe  glabra 
Family  Campanulaceae 

Genera  Sphenoolea  zeylandiaa 
Lobelia  Cardinalis 
Family  Asteraceae 

Genera  Xanthium  strurmrium 
MikarJ-a  soandens 
Pluohea  aarrphorata 
Eclipta  alba 


most  abundant  at  a  location,  were  the  giant  cutgrass  {zizancpsis 
milaQea)y  alligator  weed  {Altemanthera  philoxevoides)  and  water 
willow  \ju8tioa  anerioana).  These  plants,  along  with  sedges,  rushes, 
hornwart,  coon-tail,  arrowhead,  grasses  and  the  bald  cypress,  formed 
the  majority  of  the  observed  aquatic  macrophytes. 

The  two  surveys,  when  reviewed  as  a  composite,  reveal  the  major 
distributions  of  aquatic  macrophytes  throughout  the  basin.  As  stated 
previously,  the  differences  which  arose  between  the  two  surveys 
originated  with  the  experience  of  the  investigator  and  the  fluctu¬ 
ating  water  level  of  the  reservoirs.  Thus,  in  Warrior  Lake,  the 
1978  survey  showed  only  twenty-six  (26)  stands  of  aquatic  macro¬ 
phytes  with  alligator  weed  and  giant  cutgrass  predominating  (Table 
Q-2).  The  1979  survey  of  the  same  reservoir  resulted  in  location 
of  one  hundred  two  (102)  stands  of  macrophytes.  The  primary  difference 
arose  from  the  definition  of  Panioum  agvostoides  and  "Association  I" 
(see  Table  Q-7)  as  a  group  of  aquatic  plants.  The  majority  of  the 
major  aquatic  macrophytes  in  Warrior  Lake  occurred  between  river 
miles  296  and  261  during  both  years  (Tables  Q-2  and  Q-8). 

Aquatic  macrophyte  occurrence  in  the  Tombigbee  River  and 
Demopolis  Lake  was  not  similar  to  that  observed  in  Warrior  Lake. 

The  Tombigbee  River  and  Demopolis  Lake  macrophytes  were  most 
coimionly  dominated  by  stands  of  water  willow  (Tables  Q-6  and 
Q-12).  Giant  cutgrass,  alligator  weed  and  marsh  primrose  were 
essentially  absent  from  the  Tombigbee  River.  Alligator  weed 
began  to  show  scattered  distribution  about  river  mile  231  (Tables 
Q-6  and  Q-12)  and  continued  to  increase  in  abundance  on  into 
Demopolis  Lake.  Specific  locations  for  alligator  weed  and  giant 
cutgrass  were  quite  similar  during  the  1978  and  1979  surveys.  The 
habitats  were  littoral  zones,  creek  mouths  and  sloughs,  similar  to 
the  habitats  occupied  by  these  plants. 

Figures  3-6  through  3-12  show  the  distributions  of  the  major 
aquatic  macrophytes  discussed  above.  The  location  indicators  (dots) 
should  be  taken  to  reference  an  observation  of  the  listed  species 
along  that  stretch  of  river.  These  figures  should  be  compand  to 
the  location  charts  in  Appendix  Q  for  details  on  the  exact  location 
and  areal  extent.  Further  attention  should  be  given  to  the  plants 
associated  with  the  major  macrophytes  given  in  the  figures. 

Figure  3-6  illustrates  the  distribution  of  alligator  weed  in 
the  Middle  Black  Warrior-Tombigbee  Basin.  The  plant  is  throughly 
scattered  along  the  Black  Warrior  River,  but  is  confined  to  Demopo¬ 
lis  Lake  and  Rattlesnake  Bend  on  the  Tombigbee  River.  An  isolated 
patch  was  observed  near  Epes,  which  may  indicate  the  beginnings  of 
upstream  migration  in  the  Tombigbee  River.  Giant  cutgrass  (Figure 
3-7)  showed  the  same  general  distribution  as  alligator  weed,  al¬ 
though  the  cutgrass  had  significant  stands  (see  Appendix  Q)  as  far 
upstream  as  Oliver  Lock  and  Dam  on  the  Black  Warrior  River. 

The  Tombigbee  River  had  stands  of  water  willow  (Figure  3-8) 
extending  much  farther  upstream  than  occurred  on  the  Black  Warrior 
River.  However,  both  Warrior  Lake  and  Demopolis  Lake  had  the 
greatest  concentration  of  mter  willow,  with  a  less  dense  distrib¬ 
ution  being  observed  farther  upstream. 
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Figure  3-6.  Distribution  of  Alligator  Weed  {Altemanthera  phitoxsroides) , 
Middle  Black  Warrior  and  Tombigbee  Rivers,  September  1978  and 
August  1979. 
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Figure  3-6.  continued 


J 


Figure  3-7,  Distribution  of  Giant  Cutgrass  {zizaniopsis  milaaea)^  Middle 
Black  Warrior  and  Tombigbee  Rivers,  September  1978  end  August 
1979. 
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Figure  3-7.  continued 
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Figure  3-8. 


Locations  of  Water  Willow  {Juatioa  ameviccma) ,  Middle  Black 
Warrior  and  Tombigbee  Rivers,  September  1978  and  August  1979 


Figure  3-8.  continued 
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Figures  3-9  through  3-12  show  the  locations  of  some  of  the 
aquatic  macrophytes  with  limited  distribution.  Coon-tail  (Figure 
3-9)  and  homwort  (the  macropf^ytic  alga  Chora,  Figure  3-10)  were 
restricted  to  Warrior  Lake  immediately  upstream  of  the  dam.  Water 
primrose  (Figure  3-11)  showed  some  minor  stands  (see  Appendix  Q) 
throughout  Warrior  Lake.  The  Paniaum  grasses  (Figure  3-12)  were 
distributed  in  small  patches  (Appendix  Q)  along  banks  and  sandbars 
throughout  the  Warrior  River  tesin  between  the  dam  and  Tuscaloosa. 

In  general,  the  aquatic  macrophytes  of  the  Middle  Black  Warrior 
and  Tombigbee  River  basin  were  observed  to  be  distributed  throughout 
the  study  area.  Most  of  the  submerged  and  floating  "water  weeds" 
(e.g.  alligator  weed)  were  confined  to  banks,  littoral  zones, 
sloughs,  embayments  and  creek  mouths.  Thus,  no  hazard  to  main 
river  channel  is  posed  by  present  plant  growth.  However,  fisher¬ 
men  and  sport  boaters  will  often  encounter  floating  mats  and  dense 
stands  of  alligator  weed  and  water  willow  in  the  shallower  portions 
of  the  rivers.  This  will  be  particularly  true  in  such  areas  as 
creeks,  sloughs  and  around  or  between  islands  (see  Appendix  Q). 


Figure  3-9.  Distribution  of  Coon-tail  [Cerataphyllum)  ^  Middle  Black  Warrior 
and  Torrbigbee  Rivers,  September  1978  and  August  1979. 


Figure  3-10.  Distribution  of  Hornwort  {Chara),  Middle  Black  Warrior  and 
Tombigbee  Rivers,  September  1978  and  August  1979. 


Figure  3-11.  Distribution  of  Water  Primrose  {Ludwigia  pepoloides) , 
Middle  Black  Warrior  and  Tombigbee  Rivers,  September 
1978  and  August  1979 


Figure  3-12.  Distribution  of  Panicum,  (fiddle  Black  Warrior  and  Tombigbee 
Rivers,  September  1978  and  August  1979 


SECTION  4 


DISCUSSION 


4.1  Overview  of  Water  Quality  Characteristics  of  the 
Middle  Black  Warrior-Tombigbee  River  System 

The  Middle  Black  Warrior  and  Tombigbee  Rivers  display  unique 
patterns  of  basline  water  quality.  The  sources  of  distinction  between 
the  two  river  basins  would  appear  to  be  caused  by  three  (3)  major 
controlling  factors  (in  presumed  order  of  importance): 

0  geochemical  characteristics  of  the  individual 
watersheds 

0  patterns  of  cultural  water  resource  exploitation 
0  amount  and  extent  of  impoundment 

These  factors  combine  in  such  a  way  that  a  single  description 
of  the  water  quality  of  the  Middle  Black  Warrior  and  Tombigbee  Rivers 
is  not  possible. 

To  provide  some  insight  into  the  specific  differences  in  water 
quality,  Table  4-1,  which  displays  the  grand  average  for  various 
constituents  in  each  basin,  was  prepared.  Included  in  this  table  is 
the  grand  average  for  the  water  quality  parameters  monitored  in 
Demopolis  Lake. 

Cursory  review  of  this  tabulation  reveals  several  major  trends 
in  the  different  basins.  The  Tombigbee  River  has  a  lower  clarity  than 
did  the  Black  Warrior  River,  as  indicated  by  the  depth  1%  light  remains 
(euphotic  zone),  turbidity,  transparency  and  color.  Alkalinity, 
hardness,  calcium  chlorides,  non-filterable  residue,  dissolved  and 
total  iron  were  consistently  higher  in  the  Tombigbee  River  while 
dissolved  minerals  (magnesium,  sodium,  potassium), anmoni a,  nitrate- 
nitrite  sulfates,  manganese  and  zinc  were  lower  in  the  Tombigbee 
River.  pH  levels  were  circumneutral ,  dissolved  oxygen  was  well  above 
the  aquatic  life  criterion  of  5.0  mg/1  and  temperatures  averaged  24.0° 

+  0.2OC  in  all  basins.  These  average  values  indicate  that  various 
processes  are  at  work  creating  different  physical -chemical  water  quality 
characteristics  in  the  two  main  rivers.  It  should  be  noted  that  for 
all  but  two  parameters  (temperature  and  potassium),  the  parameter  values 
for  Demopolis  Lake  are  between  or  equal  to,  the  values  in  the  main 
rivers. 

In  contrast  to  the  distinct  differences  in  physical -chemical 
constituents,  the  aquatic  biota  in  the  rivers  were  essentially 
similar.  The  major  differences  arose  in  the  total  numbers  of  organ¬ 
isms  in  the  plankton  or  the  benthos.  As  can  be  seen  on  Figures  3-1 
through  3-4,  the  total  numbers  (or  biomass  in  the  case  of  benthos)  are 
the  lowest  in  the  "free  flowing"  sections  such  as  the  Upper  Warrior 
Lake  and  the  Tombigbee  River  at  R-17  and  R-18.  It  would  appear  that 
the  water  quality  differences  between  the  two  rivers  are  not  great 
enough  to  alter  the  biota  significantly. 


T  Quality  Conditions,  Middle  Black  Warrior  and  Tomblgbee 
November  1979 
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Manganese,  Total  (ug/L) 


BLACK  WARRIOR  RIVER  T0MBI6BEE  RIVER  DEMOPOLIS  LAKE 
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These  trends  indicate  that  the  major  influences  producing  the 
baseline  water  quality  differences  between  the  two  rivers  are  the 
geochemical  makeup  of  the  river  basin  and  the  amount  and  nature  of 
cultural  input  received.  The  geochemical  aspect  is  especially 
important  on  the  Black  Warrior  River,  where  drainage  and  run-off  from 
the  surface  mining  activity  and  the  specific  area  geology  is  responsi¬ 
ble  for  increased  levels  of  such  constituents  as  sulfates,  iron, 
manganese,  zinc  and  total  dissolved  solids.  The  Tombigbee  River,  which 
shows  higher  levels  of  suspended  solids,  phosphates,  organic  nitrogens 
and  organic  carbons,  is  assumed  to  be  receiving  greater  amounts  of 
agricultural  run-offs.  These  two  major  influences,  each  dominant  in 
a  separate  river  basin,  appear  to  be  the  primary  sources  of  water 
quality  variation  between  the  two  basins. 

The  effects  of  impoundment  were  less  quantifiable  than  the  other 
two  causes  of  water  quality  variation.  Neither  the  Tombigbee  River 
nor  the  Black  Warrior  River,  with  its  more  extensive  impoundment, 
showed  any  severe  effects  such  as  complete  deoxygenation  of  deep 
waters  which  are  often  associated  with  impoundment.  Biological  pro¬ 
ductivity,  especially  as  measured  by  numbers  of  phyto-  and  zooplankton, 
was  somewhat  affected  by  the  impoundments.  The  slowing  and  widening 
of  the  river,  with  a  concomitant  increase  in  the  volume  of  the  euphotic 
zone,  produced  an  obvious  increase  in  plankton  numbers  in  both  Warrior 
Lake  and  Oemopolis  Lake  (see  Figures  3-1  and  3-2).  Benthos  differences 
were  primarily  noted  as  increased  biomass  in  the  lacustrine  sections 
(Figure  3-3).  Interestingly,  Shannon-Weaver  diversity  values  did  not 
vary  much  in  the  lake  sections,  although  examination  of  the  species 
composition  (e.g.  Appendix  N-3)  will  show  some  degree  of  change  between 
the  riverine  and  lacustrine  secitons.  Impoundment  apparently  had 
more  effect  as  a  "ponding"  situation  (as  regards  the  biota)  than  it 
did  in  producing  physical -chemical  stratification.  The  Middle  Black 
Warrior  and  Tombigbee  Rivers  have  distinctly  differing  water  quality 
characteristics.  These  characteristics  are  produced  oy  differing 
geological  features  in  the  river  basins  as  well  as  the  extent  and 
nature  of  water  resource  exploitation.  The  impoundment  of  the  Black 
Warrior  River  at  Warrior  Lake  and  Demopolis  Lake  appears  to  have  no 
effect  on  overall  water  quality,  but  does  increase  biological  pro¬ 
ductivity.  The  average  water  quality  in  each  basin  in  unique,  but  the 
seasonal  variations  produce  wide  ranges  of  concentrations  in  most  of 
the  studied  parameters. 


4.2  Variation  of  Water  Quality  in  the  Middle  Black  Warrior 


and  Tombiqbee  Rivers 


The  major  trend  observed  for  the  Middle  Black  Warrior  and  Tombig¬ 
bee  Rivers  system  was  the  extreme  seasonal  variation  in  levels  of  most 
monitored  parameters.  For  the  majority  of  the  physical -chemical  parameters 
experiencing  these  seasonal  fluctuations,  the  general  pattern  was 
summer  minima  with  late  winter  or  early  spring  maxima.  Additionally, 
when  certain  parameters  are  evaluated  on  a  "concentration  versus 
dov/nstream  distance"  plot  across  several  seasons,  variations  in  the 
relative  concentrations  between  stations  are  revealed.  These  water 
quality  characteristics  appear  to  be  most  affected  by  seasonal 
patterns  of  rainfall  and  subsequent  patterns  of  flow  and  flooding. 

The  second  maxima  and  minima  of  various  indicator  water  quality 
constiuents  and  biological  communities  follow  the  patterns  of  rain¬ 
fall  increase  and  decrease. 


Figure  4-1  illustrates  the  total  daily  precipitation  at  four  stations 
within  the  study  area.  As  can  be  seen,  precipitation  was  more  prevalent 
during  the  late  winter  (December  1978  thru  February  1979)  and  on  into 
the  spring  (thru  late  April  1979).  The  heaviest  rains  occurre''  'n  mid- 
April  1979  with  a  one  day  maximum  of  10.2  inches  (a  study  area  ide 
average  for  that  same  period  was  6.8  inches,  with  the  lowest  rainfall 
being  recorded  at  the  most  downstream  station).  This  rainfall  coincided 
with  several  floodings  throughout  the  Middle  Black  Warrior-Tombigbee 
River  basins.  This  pattern  of  precipitation  closely  coincides  with 
variations  of  several  major  parameters. 

Because  of  the  magnitude  of  the  present  study,  not  all  investiga¬ 
ted  parameters  will  be  considered  in  relation  to  seasonal  patterns. 
However,  several  parameters  have  been  condisered  in  this  manner,  and 
these  parameters  generally  represent  several  related  parameters.  In 
the  same  way,  four  stations,  one  in  each  river  section,  have  been 
chosen  to  represent  typical  concentrations  of  these  parameters  during 
each  sampling.  In  the  downstream  analyses,  three  dates  have  been 
chosen  to  represent  'critical'  periods  during  the  study,  i.e.  summer 
1978,  spring  1979  (after  the  heaviest  rainfalls)  and  late  summer  1979 
(low  flow).  These  combinations  will  allow  for  explication  of  the 
seasonal  patterns  of  physical  chemical  parameter  increase  and  decrease. 

The  direct  effects  of  precipitation  on  water  quality  come  from 
drainage  basir  run-off.  A  principal  effect  of  this  run-off  is  an 
increase  in  the  suspended  sediments  loading  to  the  main  river. 

Figure  4-2  illustrates  the  response  of  non-filterable  residue  (total 
suspended  solids)  to  increased  levels  of  precipitation.  Warrior  Lake, 
represented  by  station  R-2,  showed  little  variation  in  suspended  solids 
loading  at  any  time  during  the  study.  All  other  representative  stations 
exhibited  drastically  increased  suspended  solids  loadings  during  sampling 
trips  5  and  6,  which  coincides  with  the  increased  mid-to-late  winter 
increases  in  precipitation.  The  depth  of  the  euphotic  zone  (Figure  4-3) 
shows  this  same  general  pattern,  displaying  marked  decrease  of  light 
penetration  during  these  same  samplings.  These  two  parameters  are 
representative  of  all  measures  of  clarity  (see  Section  3.1.1).  Of 
note,  specific  conductance,  (Figure  4-4)  which  is  a  measure  of  total 
ionized  substances,  was  lower  during  the  periods  of  rainfall  (and 
the  colder  months  in  general),  perhaps  indicating  direct  dilution  by 
the  purer  rainwaters  with  less  geological  contact  time  in  which  to 
dissolve  mineral  constituents. 

Other  parameters  which  play  a  significant  r'ole  in  overall  water 
quality  are  nutrients  and  metals.  Nutrient  additions  affect  the  bio¬ 
logical  comnunities  by  stimulation  of  algal  growth.  Algal  metabolites 
can  produce  taste,  coloration  and  even  health  problems  which  might 
limit  water  use.  Orthophosphates  and  inorganic  nitrogen  (TIN)  are 
the  major  nutrients  needed  for  plant  growth  (U.S.E.P.A.  1978).  These 
two  parameters  show  less  direct  influence  by  total  rainfall  than  other 
parameters.  However,  orthophosphates  (Figure  4-5)  do  show  a  general 
trend  of  increase  throughout  the  spring  and  summer.  The  high  ortho¬ 
phosphate  concentration  recorded  in  August  1979  may  have  been  related 
to  agricultural  applications  of  fertilizer  being  contributed  by  run-off 
during  this  period.  TIN  (Figure  4-6),  while  it  did  increase  at  two 
stations  after  the  intense  rainfall,  reached  its  highest  levels  in 
June  1979,  possibly  indicating  fertilization  practices.  The  two 
heavy  metals  most  intensly  studied,  iron  and  manganese  (Figures  4-7 
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Precipitation  at  Selected  Gauge  Stations  in  the  Middle  Black  Warrior  And  Totnbigbee 
Drainage  Basins,  July  1978  through  October  1979. 
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FIGURE  4-2.  TOTAL  NON- FILTERABLE  RESIDUE  AT  SELECTED  RIVER  STATIONS, 
MIDDLE  BLACK  WARRIOR-TOMB IGBEE  RIVERS,  JULY  1978  THRU 
OCTOBER  1979 
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DEPTH  OF  EUPHOTIC  ZONE  AT  SELECTED  RIVER  STATIONS,  MIDDLE 
BLACK  WARRIOR-TOMBIGBEE  RIVERS,  JULY  1978  THRU  OCTOBER  1979 
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FIGURE  4-4. 
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SPECIFIC  CONDUCTANCE  AT  SELECTED  RIVER  STATIONS,  MIDDLE 
BLACK  WARRIOR-TOMBIGBEE  RIVERS,  JULY  1978  THRU  OCTOBER  1979 
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FIGURE  4-5.  TOTAL  ORTHOPHOSPHATE  AT  SELECTED  RIVER  STATIONS,  MIDDLE 

BLACK  WARRIOR-TOMBIGBEE  RIVERS.  JULY  1978  THRU  OCTOBER  1979 
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FIGURE  4-6.  TOTAL  INORGANIC  NITROGEN  AT  SELECTED  RIVER  STATIONS. 

MIDDLE  BLACK  WARRIOR  AND  TOMBIGBEE  RlvERV,  JULY  1978 
THRU  OCTOBER  1979 
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FIGURE  4-7.  TOTAL  IRON  AT  SELECTED  STATIONS,  MIDDLE  BLACK  WARRIOR 
AND  TOMBIGBEE  RIVERS,  JULY  1978  THRU  OCTOBER  1979 
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FIGURE  4-8.  TOTAL  MANGANESE  AT  SELECTED  STATIONS,  MIDDLE  BLACK 

WARRIOR-TOMBIGBEE  RIVERS,  JULY  1979  THRU  OCTOBER  1980 
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and  4-8,  respectively),  both  reached  their  maximum  concentrations 
during  the  flood  season. 

While  these  metals  became  more  prevalent  during  the  flood  season. 
It  should  be  noted  that,  because  both  of  these  elements  are  common  In 
sediments  (see  Appendix  J),  extremely  elevated  values  may  represent 
a  direct  correlation  with  Increased  suspended  sediments  and  not  actual 
high  Ionic  concentrations  of  all  heavy  metals.  These  example  para¬ 
meters  Indicate  that  seasonal  patterns  of  constituent  concentrations 
In  the  Middle  Black  Warrior-Tombigbee  Rivers  are  controlled  by  clima¬ 
tological  factors  such  as  rainfall  and  perhaps  cultural  practices 
such  as  the  application  of  fertilizers  In  the  spring. 

An  analysis  of  concentration  versus  distance  reveals  more  distinct 
downstream  trends  and  relationships  between  the  river  basins  during 
several  seasons.  Figure  4-9  Illustrates  the  concentrations  of  dis¬ 
solved  oxygen  (DO)  at  the  five  foot  depth  In  the  entire  study  area 
during  three  samplings.  This  figure  clearly  demonstrates  the  overall 
high  DO  for  all  river  sections  and  Indicates  a  good  assimilative 
capacity  (e.g.  the  low  DO  levels  at  T-4  during  all  months,  are  quickly 
mitigated  by  the  time  the  water  passes  R-6).  Specific  conductance 
(Figure  4-10)  also  displayed  a  relatively  constant  level  and  good 
assimilative  capacity  (see  D-3,  October  1979). 

Other  parameters  appear  to  be  more  Influenced  by  drainage  basin 
characteristics  or  Impoundment.  Two  examples  of  this  pattern  are 
nonf 1 1 terabl e  residue  (suspended  solids)  and  Inorganic  nitrogen  (TIN). 
Suspended  solids  (Figure  4-11)  were  quite  high  during  the  flood  period 
(see  above).  Another  interesting  feature,  however.  Is  the  marked 
decrease  In  suspended  solids  loadings  downstream  of  Warrior  Lock  and 
Dam  (below  R-9).  The  decreased  water  velocity  within  the  Impoundment 
Is  apparently  allowing  for  sufficient  settling  to  decrease  suspended 
solids  downstream.  TIN  (Figure  4-12)  displays  very  constant  downstream 
concentrations  In  the  Black  Warrior  River  with  distinctly  lower  values 
In  the  Tombigbee  River. 

Orthophosphates,  the  other  essential  plant  nutrient,  has  a  more 
distinct  seasonal  pattern  of  increase  (Figure  4-13).  The  May  1979 
sampling  proved  to  have  much  higher  levels  of  this  nutrient.  The 
Tombigbee  River  had  elevated  values  during  all  1979  samplings  (Ap¬ 
pendix  A)  with  May  1979,  shown  here,  being  the  greatest.  The  metal 
parameters  routinely  analyzed,  total  iron  (Figure  4-14)  and  total  man¬ 
ganese  (Figure  4-15)  display  very  different  trends.  Total  Iron  Is 
constantly  higher  In  the  Tombigbee  River  after  the  Intense  rainfalls, 
while  the  Black  Warrior  River  maintained  relatively  stable  levels  at 
each  station.  Total  manganese  showed  a  one  time  Increase  In  the  spring 
1979  and  returned  to  its  1978  levels.  Like  Iron  however,  manganese 
was  much  higher  in  the  Tombigbee  River  than  in  the  Black  Warrior 
River. 

The  analysis  of  selected  water  quality  parameters  reveals  patterns 
of  seasonal  and  river  basin  associated  variation.  The  occurrence  of 
severe  flooding  during  the  middle  of  this  study  produced  conditons 
of  elevated  loadings  of  many  parameters.  Other  Inputs,  such  as 
agricultural  run-off  appear  to  Influence  water  quality  as  well.  This 
combination  of  natural  and  cultural  Influences  produced  distinct  and 
unique  water  quality  characteristics  in  the  Middle  Black  Warrior  and 
Tombigbee  Rivers. 
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DISSOLVED  OXYGEN  DURING  SELECTED  SAMPLINGS. 
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SPECIFIC  CONDUCTANCE  DURING  SELECTED  SAMPLINGS, 

MIDDLE  BLACK  WARRIOR  AND  TOMBIGBEE  RIVERS,  July  1978  thru  October  1979 
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FIGURE  4-12.  TOTAL  INORGANIC  NITROGEN  DURING  SELECTED  SAMPLINGS, 

MIDDLE  BLACK  WARRIOR  -TOMBIGBEE  RIVERS,  July  1978  thru  October  1979 
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ORTHOPHOSPHATES  DURING  SELECTED  SAMPLINGS, 

MIDDLE  BLACK  WARRIOR  AND  TOMBIGBEE  RIVERS  ,  July  1978  thru  October  1979 
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FIGURE  4-14.  TOTAL  IRON  DURING  SELECTED  SAMPLINGS, 
MIDDLE  BLACK  WARRIOR-TOMB I GBEE  RIVERS 
July  1978  thru  October  1979 
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SECTION  5 


RECOMMENDATIONS 


1.  Continuation  of  Study.  Due  to  the  apparent  extreme  effects  the 
May  1978  flooding  produced,  it  is  recommended  that  monitoring 
continue  to  assess’  the  degree  of  impact  produced  by  fluctuating 
flow  conditions. 

2.  Decrease  Sampling  Points.  The  homogeniety  of  the  Black  Warrior 
f^iver  indicates  that  fewer  stations  are  needed. 

3.  Tributary  Stations.  It  is  recommended  that  in  future  studies, 
the  investigation  of  tributaries  be  discontinued  and  at  those 
suspected  of  impacting  the  river  proper  be  investigated  as  "above- 
below"  situations  to  assess  the  in-stream  quality  in  the  immediate 
area. 

4.  Stratification.  This  study  revealed  no  major  points  of  stratifi¬ 
cation  in  the  Middle  Black  Warrior  and  Tombigbee  Rivers,  thus 
stratification  studies  could  be  ceased  during  future  investigations. 

5.  Sediments.  Sediments  in  and  around  Tuscaloosa  should  be  stuoied 
further  (e.g.  toxicity  evaluations)  if  dredging  is  needed  below 
Oliver  Lock  and  Dam. 

6.  Macroi nvertebrates .  The  scale  and  usage  of  multiple  plate  samplers 
dictate  for  this  study  was  not  effective  and  it  is  recommended  this 
non-comparative  device  be  eliminated  from  further  use  in  future 
studies. 
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Physical -Chemical  measurements.  Main  River  Stations,  Middle  Black  Warrior- 
Tombigbee  Rivers,  July  30  -  August  4,  1978. 
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Physical -Chemical  measurements.  Main  River  Stations,  Middle  Black  Warrior 
Tombigbee  Rivers,  August  27  -  31,  1978. 
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Chemical  measurements.  Main  River  Stations,  Middle  Black  Warrior 
Rivers,  December  10  -  14,  1978. 
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Physical -Chemical  measurements.  Main  River  Stations,  Middle  Black  Warrior 
Tombigbee  Rivers,  May  13  -  16,  1979. 
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TABLE  A-8  Physical -Chemical  measurements.  Main  River  Stations,  Middle  Black  Warrior- 
Tombigbee  Rivers,  July  29  -  August  1,  1979. 
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TABLE  A-9A.  Physical -Chemical  measurements.  Rattlesnake 
Bend,  Black  Warrior-Tombigbee  Rivers,  August 
26-29,  1979. 


STORET 

CODE 

■  ■ 

PARAMETER 

STATION 

B8-T 

B8-B 

m 

DATE 

8/27 

8/27 

m 

B 

TIME 

1800 

1815 

m 

UNITS 

■SEi 

Depth 

feet 

m 

m 

pH 

S.U. 

■n 

m 

00010 

Temperature 

“c 

m 

00299 

00 

mg/l 

IRI 

B 

00090 

ORP 

mV 

310 

380 

00094 

Sp.  Cond. 

unfios/on 

IHI 

150 

Hi 

B 

00077 

Trans. ,  S.  0. 

inches 

■n 

B 

00034 

L.  Trans. 

feet 

■■ 

00410 

Aik. ,  Total 

mg/i 

m 

72 

00631 

DOC 

mg/t 

■H 

* 

. 

00680 

TOC 

mg/l 

wm 

* 

32211 

Chlorophyll,  a 

ug/i 

m 

. 

32212 

Chlorophyll,  b 

ug/t 

ma 

B 

32214 

Chlorophyll,  c 

ug/t 

■■ 

HI 

m 

m 

B 

00080 

Color,  True 

Pt.  Co. 

wm 

Rl 

m 

B 

31616 

Fecal  Col i form 

/lOO  mu 

■■ 

31673 

Fecal  Strep. 

/100  ml 

IHli 

NONE 

F.C./F.S,  Ratio 

<i 

... 

70300 

Res. ,  Tot.  Filt. 

mg/t 

m 

wm 

9 

0C530 

Res.,  Tot.  Nonf. 

mg/t 

12  . 

22  ^ 

B 

00076 

Turbidity 

Hach  FTU 

wm 

rh 

B 

J0900 

Hardness  ,'Calc.) 

mg/l 

_iL_j 

_!LJ 

_ 

— 

_ 

B 

bash  (  — )  Indicates  analysir  not  required. 

T  ■  TOP  B  ■  BOTTOM 

Asterisk  (*)  Indicates  results  not  obtained  due  to  equipment  failure. 


A-20 


STORE! 

CODE 


70996 

00916 

00940 

01046 

74010 

00927 

01056 

01055 

00610 

00630 

00625 

00640 

00605 

00671 

00665 
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01092 
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CM 

cn 
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C 

C 

E 

IB 

B 

B 
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o 

B 

r«» 

CM 

CD 
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00 

A) 

IA 

V 

V 
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8 

8 

1 

IA 

8 

CD 
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1 
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E 

11 
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cn 
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cn 
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7 
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m 

A- 

lA 
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p« 
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pp 

CM 

pp 

1 

1 

1 

11 

IB 

« 
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00 
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§ 

B 

B 
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OM 

AV 
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Li. 

pp 

«P 

iA 

B 

11 

i 

m 

on 

E 

o 

w 

CM 

CM 

fid 

1 

IA 

CM 

B 

B 

CD 
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IA 

m 

8 

pfi 

O) 

O 

CM 

m 

pp 

1 

• 

B 

11 

ifl 

CO 

CM 

B 

o 

•r 

CM 

CM 

00 

s 

o 

CM 

B 

B 

CM 

Al 

V 

CM 

If 

« 

V 

IA 

3 

O 

f<«» 

pp 

lA 

pp 

CM 

fir 

1 

« 

1 
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11 

i 

•A 

m 

CM 
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8 

fir 
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CM 
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V 
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CM 
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1 

1 

11 
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•c«h 

IA 

cn 
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« 

00 

8 

g 

CM 

«ifi 

B 

8 

V 

OM 

V 

CM 

•M 

Al 

8 

O 

CM 

Pfi 

Ml 

3 

pp 

Ak 

IA 

1 

1 

1 

F 

^  1 

o’ 

O 

M 

B 

■A 

m 

CM 

AA 

00 

O 
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A» 

B 

CM 

V 

CM 

V 

VM 

V 

oo’ 

§ 

p4 

g 

IA 

55 

p« 

» 
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1 

1 

1 

B 
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o 

*-• 

IT 

<M 

E 

IA 

cn 

CM 

00 

09 

s 
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§ 
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cn 

AA 
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•M 
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Osfh  (— -)  Indicates  analysis  not  i-cqulrod. 

Asterisk  (*)  indicates  Light  TransailssiMCter  not  functioning. 
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TABLE  B-1  .  Continued 
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^3 

Ol 

oa 

n 
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Mr 
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• 

- 

- 

- 

_ 

g 

- 

OMM 

C*.  TsUI 

mt/t 

. 

• 

• 

• 

. 

- 

- 

- 

B 

- 

ESI 

Cl 

ao/t 

• 

. 

• 

. 

- 

- 

- 

- 

- 

EO 

Ft.  DlHa1«i4 

Mf/t 

m 

|}7 

m 

ITS 

Qi 

m 

m 

m 

M 

M 

71 

EO 

1  ?«M 

Ft,  Total 

-o/t 

IS 

ISI 

IS 

on 

0.31 

CO 
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0.4S 

m 

0.31 

0.31 

0.7$ 

ca 

N|,  Total 

nm 

- 

- 
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Ml,  Mttaim 

M/l 

Oi 

03 

Ol 

ai 

BB 

<3 

03 

GJi 

BB 

□3 

KSSI 

Ml.  Total 

ao/t 

0.07 

Da 

m 

fi?i 

lO 

m 

IS 

0.07 

D3 

Da 

0.04 

0.04 

1  QWH) 

»i 

IS 

IS 

BTI 

IS 

0.10 

IS 

<0.03 

<0.03 

<0.03 

<0.03 

0.03 

<0.01 

ca 

NO, -IT. 

mtft 

0.1} 

O.Sl 

IS 

O.H 

0.37 

IS 

CQ 
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0.37 
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•I/I 

IS 

03 

m 

m 

m 

D3 

m 

m 

m 

m 

EB 

la 

la 
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IS 
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Rl 
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Bl 

IB 
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d 
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m 
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Bl 
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n 

IB 
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IS 
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lo 
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TABLE  B-2  .  Results  of  duplicate  spiked  analyses, 

Middle  Black  Warrior  and  Tombigbee  Rivers 
July  30  -  August  4,  1978. 


TABLE  B-3  .  Results  of  duplicate  analyses.  Middle  Black  Warrior  and 
Tomblgbee  Rivers,  August  27  -  31,  1978. 


TABLE  B-4  .  Results  of  duplicate  spiked  analyses 

Middle  Black  Warrior  and  Tombigbee  R  i»rs, 
August  27  -  31,  1978. 


STORET 

CODE 

PARAMETER 

STATION 

wa 

B1 

8  0 

13  D 

1  P  0 

20  0 

21  0 

DATE 

8/28 

8/29 

8/29 

8/30 

8/31 

8/31 

TIME 

■ 

UNITS 

70996 

ATP 

mg/£ 

- 

- 

- 

- 

m 

- 

- 

- 

00681 

OOC 

»9/t 

89t 

* 

* 

* 

B 

* 

* 

* 

00630 

TOC 

mg/t 

93X 

108S 

* 

* 

86S 

* 

* 

* 

01046 

Fe.  Dissolved 

u9/£ 

- 

- 

- 

- 

*.  .  1 

- 

m 

74010 

Fe,  Total 

*9/i 

106S 

109S 

* 

lOlS 

98S 

73S 

* 

m 

00927 

Mq.  Total 

mg/t 

90S 

87S 

* 

82S 

Bi 

* 

01056 

Mn,  Dissolved 

ug/1 

- 

- 

- 

- 

1 

- 

- 

- 

OIOSS 

Mn,  Total 

mg/t 

Ills 

79S 

* 

92S 

128S 

8SS 

• 

00610 

NH, 

mg/t 

* 

* 

• 

* 

it  1 

« 

* 

00630 

i  NO, -NO, 

mg/t 

* 

* 

97S 

m 

* 

* 

94S 

* 

0062S 

TKN 

mg/t 

* 

* 

* 

• 

• 

* 

« 

00640 

TIN.  (Calc.) 

mg/t 

- 

- 

- 

- 

- 

- 

- 

- 

0060S 

TON.  (Calc.) 

mg/t 

- 

- 

- 

- 

- 

- 

- 

- 

00600 

N.  Total  (Calc.) 

mg/t 

- 

- 

- 

- 

1 

- 

- 

- 

00671 

Dlss.  o-P 

mg/t 

loss 

• 

93S 

82S 

81S 

88S 

* 

* 

0066S 

P.  Total 

mg/l 

* 

* 

* 

* 

* 

* 

1275 

00937 

K.  Total 

mg/t 

92S 

94S 

* 

108S 

958 

lOOS 

• 

* 

00929 

Na.  Total 

mg/t 

99S 

92S 

* 

83S 

95S 

91S 

• 

00946 

SO,.  Dissolved 

mg/t 

* 

* 

* 

* 

* 

* 

• 

00745 

S.  Total 

mg/t 

- 

- 

- 

- 

- 

- 

- 

- 

01092 

Zn 

ug/t 

- 

- 

- 

- 

- 

- 

- 

- 

Ouh  (•)  Indicatis  dupUcatf  spikad  analysis  not  raoulrad. 
Astarlsk  (*}  Indlcatas  dupllcata  spikad  analysis  not  ptrformed. 


B-7 


f  duplicate  spike 
ack  Warrior  and  T 
-  5,  1978. 


STORET 

CODE 


STATION 

DATE 

PARAMETER 

TIME 

UNITS 

ATP 

*g/l 

OOC 

mg/i 

TOC 

»g/t 

Fe,  Dissolved 

ug/t 

Fe,  Total 

leg/l 

Mg,  Total 

mg/i 

Mn,  Oissolved 

ug/4 

Mn,  Total 

mg/t 

NH, 

mg/t 

NOj-NO, 

mg/i 

TKN 

mg/t 

TIN,  (Calc.) 

ing/i 

TON,  (Calc.) 

mg/t 

N,  Total  (Calc.) 

mg/t 

Oiss.  o-P 

mg/t 

P,  Total 

mg/l 

K,  Total 

mg/l 

Na,  Total 

m-l/t 

SO,,  Dissolved 

n*q/t 

S,  Total 

mg/l 

Zn 

ag/t 

10/2  I  10/31  10/4  !  10/1  1  10/5 


103  S 

94  X 

124  t 

104  i 

91  X 

113  X 

98  X 

118  X 

100  X 

99  X 

103  X 

104  X 

116  X 

107  X 

98  X 

89  t 

118  i 

IQQIQQ 

94  X 

Oash  (-)  indicatas  duplicate  spiked  analysis  not  required. 
Asterisk  (*)  Indicates  duplicate  spiked  analysis  not  performed. 


TABLE  B-7  .  Results  of  duplicate  analyses.  Middle  Black  Warrior  and 
Tombigbee  Rivers,  December  10  -  14,  1978. 


STORET 

CODE 

PARMCTER 

STATION 

1 

10 

m 

4D 

9 

9D 

17 

170 

23 

230 

DATE 

12/11 

12/11 

m 

12/12 

12/12 

m 

12/13 

12/13 

12/10 

12/10 

12/14 

12/14 

TINE 

1310 

m 

1020 

m 

m 

0810 

1045 

1000 

UNITS 

B 

NONE 

Oeptti 

feet 

. 

. 

. 

004')0 

pH 

S.U. 

- 

• 

. 

• 

. 

• 

• 

000)0 

Tcapcraturr 

"c 

- 

- 

. 

00299 

DO 

■9/t 

. 

• 

. 

• 

ORP 

mi 

- 

• 

. 

. 

g 

. 

00094 

Sp.  Cond. 

Midios/cm 

• 

• 

. 

• 

B 

• 

00077 

BSBAfl 

Inches 

• 

• 

• 

• 

00034 

L.  Trans. 

feet 

a. 

• 

• 

• 

00410 

*))(.,  Total 

•9/1 

24 

26 

26 

26 

22 

22 

21 

21 

0068) 

OOC 

"9/1 

« 

* 

EQI 

m 

m 

mn 

* 

* 

* 

* 

00680 

TOC 

mg/t 

IB 

E9 

* 

* 

* 

* 

* 

* 

1221) 

Chlorophyll,  a 

ug/t 

* 

* 

* 

* 

* 

* 

* 

* 

* 

322)2 

Chlorophyll ,  b 

ug/t 

# 

« 

* 

* 

* 

* 

* 

* 

322)4 

Chlorophyll,  c 

ug/e 

« 

* 

* 

* 

* 

* 

* 

* 

* 

00080 

Color,  True 

Pt.  Co. 

• 

* 

m 

20 

B 

16 

16 

45 

51 

m 

* 

* 

3)6)6 

Fecal  Colifom 

/lOO  mf 

120 

170 

116 

116 

50 

77 

46 

56 

m 

318 

336 

31673 

Fecal  Strep. 

/lOO  ml. 

140 

130 

26 

4) 

61 

90 

69 

77 

250 

410 

tiONE 

F.C./F.S.  Ratio 

1 

1 

4 

3 

2 

2 

IB 

1 

1 

mm 

70300 

Res. ,  Tot.  Flit. 

mg/t 

126 

125 

86 

110 

* 

* 

67 

57 

9' 

00530 

Res.,  Tot.  Nonf. 

mg/l 

13 

13 

26 

30 

* 

* 

1C 

28 

Hi 

B: 

* 

00076 

Turbidity 

Hach  FTU 

18 

18 

31 

32 

51 

51 

42 

43 

53 

52 

Hardness  (Calc.) 

mg/l 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

- 

TABLE  B-7  .  Continued 


STATION 

im 

4 

40 

9 

90 

17 

170 

23 

230 

STORET 

CODE 

PARAMETER 

DATE 

12/11 

12/11 

12/12 

12/12 

12/13 

12/13 

12/10 

12/10 

B 

12/14 

12/14 

TIME 

1310 

1020 

0810 

1045 

B 

1000 

UNITS 

B 

;0996 

ATP 

"9/1 

- 

- 

• 

B 

9 

H 

. 

■ 

B 

00916 

Ca,  Total 

mg/l 

- 

- 

- 

- 

■ 

B 

B 

- 

- 

— 

00940 

Cl 

mg/l 

- 

- 

- 

- 

■1 

r- 

- 

- 

010  .6 

Fc,  Dissolved 

ug/t 

41 

66 

59 

62 

B 

127 

— 

4I» 

370 

148 

120 

74010 

Ee,  Total 

"9/1 

0.S6 

0.94 

0.45 

0.79 

1.06 

nn 

2. <6 

3.15 

1.74 

1.55 

00927 

Mq.  Total 

"9/7. 

- 

- 

- 

- 

Hi 

H 

- 

- 

- 

01056 

Mn,  Dissolved 

119/ 1 

200 

227 

B 

310 

227 

63 

90 

29 

’4 

— 

3 

■ 

.JI055 

Mn,  Total 

"q/« 

0.25 

0.25 

B 

0.39 

0.28 

0. 

o'.T^ 

0.09 

0.15 

_ 1 

0-0‘', 

00610 

NH, 
h - 

mg/t 

0.08 

0.06 

0.05 

0.06 

O.ID 

o.io 

0.11 

0.13 

— 

0.1' 

;).13 

006  TO 

NO, -NO, 

mg/t 

0.44 

0.46 

0.46 

0.45 

0  4; 

C  4'. 

0.2i 

0.23 

r— — 
0.3c 

(.!  32 

00625 

tkn 

mq/» 

* 

B 

0.4 

0.2 

M  1 

0.3 

0.5 

0.3 

00640 

TIN.  (Calc.) 

mq/J 

* 

B 

HQ 

B 

o.i. 

-  ,  ...  .. 

0,3 

H 

rai 

0.4 

00605 

TON.  (Calc.) 

mg/l 

B 

— 

A 

0.35 

0.14 

0.10 

C 

-1 

0.?9 

0.36 

0.17 

00600 

N.  Total  (Calc.) 

mg/t 

S 

r~— 

0.8 

Hfl: 

■■ 

0.6 

0.7 

0  6 

HQj 

0.9 

0.6 

00671 

01 ss.  o-P 

mg/l 

0.021 

0.014 

0.017 

0.019 

Bi 

0.036 

0.'),'!l 

0.05' 

0.059 

0.057 

006b5 

P.  Total 

mg/t 

0.04 

0.04 

0.05 

Bl 

O.'l 

U.14 

0.16 

0.15 

0.20 

0.2’; 

00937 

k.  Total 

mq/t 

- 

- 

- 

Hii 

Bl 

Bl 

- 

J 

• 

B 

B 

T 

'  i 

-J 

00929 

Na.  Total 

mi/l 

- 

- 

- 

- 

Bl 

- 

— 

B 

B 

00946 

SO,.  Dissolved 

mq/t 

* 

* 

« 

Bl 

* 

* 

* 

00745 

5,  Total 

0.1 

0.1 

^■1 

IBI 

■Bl 

0.1 

<0.1 

0.5 

0.6 

B 

* 

♦ 

01092 

7n 

P9/t 

33 

52 

62 

43 

24 

81 

H 

m 

s 

B 

71 

24 

Bl 

B 

B 

B 

_ 

0*sh  (-)  Indicates  duplicate  analysis  not  required. 
Asterisk  (♦)  Indicates  duplicate  analysis  not  perfonaed. 
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TABLE  B-8  .  Results  of  duplicate  spiked  analyses. 

Middle  Black  Warrior  and  Tombigbee  Rivers, 
December  10  -  14,  1978. 


ooc 


TOC 


Chlorophyll,  a 


Chlorophyll,  b 


mg/l 


mV 


umhos/an 


inches 


feet 


mg/l 


mg/t 


mq/f. 


uq/l 


ug/i 


ug/i 


Pt.  Co. 


/lOO  tn£ 


/lOO  tnt 


Color,  True 


Fecal  Coll  form 


Fecal  Strep. 


F.C./F.S.  Ratio 


Res. ,  Tot.  Filt.  mg/9. 


Res.,  Tot.  Nonf.  mg/l 


Turbidity 


Hach  FTU 


Hardness  (Calc.)  |mg/t 


Dash  {-)  indicates  duplicate  analysis  not  required. 


■Mil 

n 

5 

4 

4 

1 

1 

mm 

■■ 

3 

2 

18 

17 

mmm 

52 

111 

<1 

<1 

10 

Ilia 

tm 

44.9 

46.8 

i  3 

3 

■i 

■■ 

B 

1 

■■ 

■■ 

1 

2 

23 

i 

23  1 

mum 

75 

96 

1  ! 

1 

m 

92 

28  1 

34 

170 


135 


57.3  53.3 
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T 


STORET 

CODE 


PARAMETER 


ATP 


Ca,  Total 


Cl 


Fa,  Dissolved 


Fe.  Total 


Mg.  Total 


Mn,  Dissolved 


Mn,  Total 


NH, 


TKN 


TIN,  (Calc.) 


TON,  (Calc.) 


N.  Total  (Calc.) 


STATION 


DATE 


TIME 


UNITS 


■g/t 


■g/t 


■g/t 


ug/t 


»g/t 


■g/i 


ug/t 


■g/t 


■g/t 


■g/t 


■g/t 


■g/t 


■g/i 


■g/t 


il 


3/1  3/1 


2/28  1 2/28 


0.35 


0. 17  oa7 


0.83  0.95 


<0.1 


00671 

Oiss.  o-P 

■g/t 

0.026  0.012 

00665 

P,  Total 

■o/t 

0.07  0.07 

00937 

K,  Total 

■g/t 

2.20  2.24 

00929 

Na,  Total 

■g/t 

8.16  7.51 

00946 

SO«,  Dissolved 

■g/t 

35  35 

00745 

S.  Total 

■g/t 

RIRII 

01092 

Zn 

ug/t 

HIBilBI 

3 

3 

Hi 

172 

1.70 

1.52 

^79 

5.79 

0.14 

0.17 

m 

0.68  i 

0.83 

0.85 

0.1 

1199 

1.1 

0.017 

IB9 

0.06 

2.24 

2.20 

6.92 

7.31 

33 

33 

<0.1 

<0.1 

<40 

<40 

151  249 


11.23  8.96 


7.01  6.54 


435 


0.40  0.53 


0.17 


0.69  I  0.72 


0.36  0.94 


<0.1 


1.2 


0.018 


0.13 


3.32  3.09 


7.31  7.38 


35  35 


<0.1 


<40  <40 


8.5  8,^0 


308  362 


16.22  16.41 


3.14  3,21 


18 


0.25  !  0.23 


1.3  1.9 


0.43 


3.29  3.21 


<0.1  1<C.1 


00405 


12 


32 


3 


3 


STATION 


1 

PARAMETER 

DATE 

TIME 

UNITS 

70996 

ATP 

■9/1 

00916 

C4.  Total 

■9/1 

Cl 

■9/1 

01046 

F*.  Dissolved 

U9/1 

74010 

Fc,  Total 

■9/1 

00927 

Mg,  Total 

■9/1 

01GS6 

Mn,  Olssolved 

W9/1 

OIOSS 

Mn.  Total 

■9/1 

00610 

MH, 

"9/1 

00630 

NO, -NO, 

"9/1 

0062S 

TAN 

"9/1 

00661 

OOC 

"9/1 

00660 

TOC 

"9/1 

00600 

N.  Total  (Calc.) 

"9/1 

00671 

Diss.  o-P 

0066S 

P.  Total 

30937 

K,  Total 

00929 

Na,  Total 

00946 

SOk,  Dissolved 

00745 

S,  Total 

Zn 


"9/1 

"9/1 

•9/1 

"9/1 

"9/1 

•9/1 

U9/1 


01092 


97T 


99t 


I 


TABLE  B-11.  Results  of  duplicate  analyses.  Middle  Black  Warrior  and  Tombigbee 
Rivers,  M^y  13-16,  1979. 


STORET 


PARAMETER 


Depth 


pH 


Teaperature 


Sp.  Gond. 

Trans. ,  S. 

■1 

L.  ‘Trans. 

Aik.,  Total 

TOC 


Chlorophyll,  a  |m9/i 


Chlorophyll,  b  I  m9/c 


Chlorophyll,  c  IpR/t 


Color,  True 


STATION  1 


DATE 


TIME 


UNITS 


feet 


S.U. 


ag/t 


aV 


pahos/ 


Inches 


feet 


ag/t 


ag/t 


ag/t 


17  170 


22  220 


18  18 


4.1 


3.1  3.5 


Pt.  Co. 


Fecal  Collfora  | /100  at  I  loio  I  nyo 


/lOO  at  25  32 


Fecal  Strep. 


F.C./F.S.  Ratio 


Res. .  Tot.  Flit.  |ag/t 


Res.,  Tot.  Nonf.  |ag/t 


Turbidity 


Dash  (- 


91 


10 


Hach  FTuI  12 


Hardnes'-  (Calc.)  |ag/t 


)  Indicates  duplicate  analysis  not  perfonaed. 


3.8  3.9 


3.8  (  1.8 


1.5  1.5 


34  32 


122  115 


.3  4.8 


6.9 


74 

ISI 

55 

34 

36 
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TABLE  B-11  .  CONTINUED 


Dtsh  (-)  Indicates  duplicate  analysis  not  perfonaed. 
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TABLE  B-13.  Results  of  duplicate  analyses.  Middle  Black  Warrior  and  Tombigbee 
Rivers,  June  17  -  20,  1979. 


STORE! 

CODE 

PARAMETER 

STATION 

— 

4 

B 

■a 

17 

17  0 

22 

22  C 

DATE 

6/19 

6/19 

m 

6/20 

6/20 

6/17 

6/17 

6/18 

6/18 

TIME 

m 

UNITS 

RONE 

Depth 

feet 

_ 

— 

B 

... 

Bl 

B 

... 

00400 

pH 

s.u. 

— 

— 

— 

... 

B 

B 

— 

00010 

Temperature 

®c 

B 

— 

— 

... 

— 

... 

— 

00299 

00 

«9/l 

•  •• 

— 

— 

— 

— 

— 

... 

ORP 

mV 

— 

— 

B 

— 

— 

... 

B 

00094 

Sp.  Cond. 

umhos/cm 

B 

... 

— 

— 

... 

— 

... 

B 

00077 

Trans. ,  S.  D. 

Inches 

— 

B 

— 

... 

B 

... 

... 

00034 

L.  Trans. 

feet 

— 

— 

— 

— 

B 

.... 

— 

... 

— 

00410 

Aik. .  Total 

mg/t 

28 

28 

26 

26 

B 

41 

40 

32 

29 

00681 

OOC 

mg/l 

<2 

<2 

B 

<2 

B 

9 

<2 

<2 

00680 

TOC 

mg/t 

<2 

<2 

<2 

<2 

mm 

B 

<2 

<2 

32211 

Chlorophyll,  a 

ug/t 

10 

10 

6 

6 

5 

2 

10 

8 

32212 

Chlorophyll,  b 

uq/i 

1 

1 

1 

2 

2 

1 

2 

2 

32214 

Chlorophyll,  c 

ug/t 

1 

3 

2 

3 

3 

4 

IKS^H 

Color,  True 

Pt.  Co. 

20 

20 

10 

10 

15 

15 

23 

20 

31616 

Fecal  Conform 

/100  nit 

66 

83 

B 

3 

<10 

<10 

5 

7 

31673 

Fecal  Strep. 

/100  mi 

49 

54 

59 

49 

170 

140 

6 

9 

NONE 

F.C./F.S.  Ratio 

1 

1 

<1 

<1 

** 

<1 

1 

1 

f0300 

Res. ,  Tot.  Flit. 

mg/t 

137 

135 

120 

105 

86 

96 

109 

00530 

Res.,  Tot.  Nonf. 

mg/t 

28 

27 

11 

14 

18 

16 

17 

16 

00076 

Turbidity 

Hach  FTU 

22 

21 

7 

8 

20 

20 

23 

20 

00900 

Hardness  (Calc.) 

mg/t 

IB 

IB 

IHI 

— 

— 

1 

1 

1 

B 

\WM 

— 

... 

CMSh  (— )  Indicates  duplicate  analysis  not  required. 
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^ABLE  B- 13. Continued. 


Qish  ( — )  Indicates  duplicate  analysis  not  required. 


Dash  ( - )  Indicates  duplicate  spike  analysis  not  required. 
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ts  of  duplicate  analyses 
gbee  Rivers,  July  29  -  Ai 


43  43 


6.5 


8.0  9.9 


60  200 


TABLE  B-15 .  Continued 


■ 

PARAMETER 

STATION 

3 

3  Dud 

19 

■n 

■■ 

10  Dud 

DATE 

7/29 

7/29 

7/30 

7/30 

m 

em 

m 

wm 

mi 

TINE 

■ 

1 

UNITS 

■ 

70S96 

ATP 

mg/l 

— 

— 

5 

— 

— 

B 

— 

B 

00916 

Cd,  Total 

mq/t 

••• 

... 

00940 

Cl 

mg/l 

mm» 

•  •• 

•  •• 

ug/i 

60 

60 

510 

460 

no 

60 

60 

110 

74010 

Fe,  Total 

mg/t 

0.56 

0.61 

2.85 

2.64 

0.92 

0.71 

0.82 

BBI 

00927 

Hq,  Total 

mg/l 

— 

— 

— 

» 

1 

1 

... 

... 

— 

... 

01066 

Mn,  Dissolved 

ug/i 

<50 

<50 

<50 

<50 

<50 

<50 

o 

tn 

V 

<50 

01055 

Mn,  Total 

mg/l 

0.080 

C.091 

in 

o 

V 

<.05 

o 

V 

<.05 

<.)5 

<.05 

00610 

NH, 

mg/l 

0.24 

0.27 

0.24 

0.18 

0.16 

0.19 

00630 

NOi-NO, 

mg/l 

0.64 

0.65 

0.24 

0.24 

0.47 

0.48 

0.48 

0.46 

00625 

TKN 

mg/l 

... 

... 

m 

— 

m 

B 

— 

... 

00640 

TIN,  (Calc.) 

mg/l 

... 

... 

— 

9 

m 

gg 

... 

... 

00605 

TON,  (Calc.) 

mg/i 

... 

... 

m 

S 

... 

MB 

— 

... 

00600 

N,  Total  (Calc. ) 

mc/l. 

... 

... 

m 

— 

... 

... 

— 

... 

00671 

D1.SS.  o-P 

mg/l 

0.013 

0.015 

0.050 

0.053 

0.015 

0.017 

0.019 

O.Olf 

00665 

P,  Total 

mg/l 

0.05 

0.07 

0.16 

0.16 

Miss 

0.07 

0.07 

0.10 

00637 

K,  Total 

mg/l 

... 

... 

■1 

Bi 

... 

9 

— 

... 

0C929 

Na,  Total 

mg/«. 

... 

... 

B 

— 

... 

B 

9 

... 

... 

00946 

S0„,  Dissolved 

mg/l 

51 

50 

— 

10 

11 

37 

33 

28 

28 

00745 

S,  Votal 

mg/l 

<0.1 

<0.1 

0.3 

0.3 

<0.1 

<0.1 

<0.1 

<0.1 

01092 

Zn 

ug/l 

59 

44 

24 

24 

74 

74 

20 

20 

_ 

_ 

NotP:  0*sh  ("-)  Indicates  duplicate  analysis  net  required. 
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TABLE  B-16.  Results  of  duplJcatf 
Middle  Black  Warrioi 
July  29  -  August  1, 


ITOHET 

CODE 

PARAMETER 

STATION 

DATE 

TIME 

UNITS 

70996 

ATP 

mg/t 

0068 1 

DOC 

mg/t 

00680 

TOC 

mg/1 

01046 

Fe,  Dissolved 

BBII 

74010 

Fe,  Total 

mg/l 

00927 

Mg,  Total 

ntg/l 

01056 

Mn,  Dissolved 

•,jg/i 

01055 

Mn,  Total 

mg/t 

0C610 

NH, 

mg,'£ 

00630 

NO 2 -NO, 

mg/t 

00625 

TKN 

mg/l 

^29 

TIN,  (Calc.) 

mg/i 

00605 

TON,  (Calc.) 

mg/t 

00600 

N,  Total  (Calc.) 

mg/t 

00671 

Diss.  o-P 

mg/t 

00665 

P,  Total 

mg/t 

00937 

K,  Total 

mg/t 

00929 

Na,  Total 

mg/t 

00946 

SO,,  Dissolved 

mg/t 

00745 

S,  Total 

mg/t 

01092 

Zn 

ug/t 

spiked  analyses, 
and  Tombigbee  Rivers 
1979. 


TABLE  B-17.  Results  of  duplicate  analyses.  Middle  Black  Warrior  and 
Tombigbee  Rivers,  August  26  -  29,  1979. 


STORE! 

CODE 

PARAMETER 

STATION 

1 

6 

HU 

HH 

mm 

DATE 

8/26 

8/26 

■ 

^^9 

mi 

wm 

Ml 

TItt 

B 

' - 

■H 

UNITS 

NONE 

Depth 

feet 

... 

— 

— 

m 

m 

mmm 

m 

1^3 

pH 

S.U. 

... 

m 

m 

m 

00010 

Temperature 

“c 

... 

M 

m 

00299 

DO 

aig/l 

m 

m 

m 

00090 

ORP 

mV 

W 

... 

••• 

m 

00094 

Sp.  Cond. 

umhos/cm 

... 

m 

W 

00077 

Trans. ,  S.  D. 

Inches 

m 

m 

... 

m 

m 

m 

00034 

L.  Trans. 

feet 

m 

m 

m 

H 

00410 

Aik..  Total 

mg/t 

26 

_26 _ 

m 

m 

■■ 

m 

34 

iS 

00681 

DOC 

mg/l 

HH 

■H 

m 

m 

■H 

m 

m 

■H 

m 

TOC 

mg/t 

■H 

m 

m 

wm 

■n 

m 

■H 

32211 

Chlorophyll,  a 

ug/t 

n 

3 

2 

14 

16 

8 

m 

— 

11 

13 

32212 

Chlorophyll,  b 

ug/t 

1 

1 

3 

3 

1 

2 

1 

32214 

Chlorophyll,  c 

pg/t 

1 

2 

5 

2 

1 

* 

2 

■■ 

Color,  True 

Pt.  Co. 

10 

10 

10 

10 

20 

21 

10 

31616 

Fecal  Conform 
- - 

/  '.OO  mt 

920 

940 

20 

14 

42 

34 

l!^ll 

81 

31673 

Fecal  Strep. 

/100  mt 

no 

190 

340 

320 

230 

160 

490 

520 

NONE 

F.C./F.S.  Ratio 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

70300 

Res. ,  Tot.  Fi It. 

IIKl/t 

130 

121 

B 

109 

96 

s 

82 

83 

95 

95 

00530 

Res . ,  Tot .  Nonf . 

mg/t 

2 

2 

13 

12 

B 

24 

21 

9 

9 

00076 

Turbidity 

Hach  FTU 

5 

5 

m 

8 

8 

B 

Bl 

9 

s 

00900 

Hardness  (Calc.) 

mg/t 

77 

B 

-JLj 

67 

■ 

m 

_£Lj 

B 

-JLJ 

*  Indicates  sanple  lost. 

Dash  ( — )  indicates  duplicate  analysis  not  required. 
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TABLE  B-17.  Continued 


STORET 

CODE 

PARAMETER 

STATION 

1  Oup 

r 

6 

6  Oup 

17 

17  Duf 

« . 

22  Oup 

DATE 

8/26 

8/26 

8/29 

Hi 

8/27 

in 

119 

Mi 

TIME 

■1 

UNITS 

B 

70996 

ATP 

"9/4 

... 

m 

Hi 

... 

■ 

m 

Si 

00916 

Ca,  Total 

■g/t 

17.6 

17.2 

16.5 

15.3 

s 

21.7 

21.2 

19.8 

18.1 

Cl 

«g/t 

_ 

!■ 

m 

7 

10 

10 

7 

99 

01046 

Fe,  OISBolved 

ug/t 

Ml 

in 

20 

20 

50 

180 

50 

74010 

Fe.  Total 

aig/1 

0.30 

in 

Bi 

1.03 

1.03 

0.59 

0.59 

00927 

Mg,  Total 

*9/1 

III 

in 

n 

6.7 

1.8 

1.7 

Ml 

3.1 

01056 

Mn,  Dissolved 

ug/1 

m 

Ml 

m 

m 

ffil 

HI 

Ml 

01055 

Mn,  Total 

■g/t 

rm 

[RM 

HM 

IS 

IjVRI 

0.08 

00610 

NH, 

"9/1 

m 

IM 

RM 

IRH 

0.19 

Rl 

0.22 

0.17 

00630 

mg/t 

HR 

m 

Ml 

i^l 

Bi 

HR 

0.54 

0.19 

00625 

TKH 

"9/1 

in 

m 

m 

IHI 

m 

IH 

^9 

m 

RH 

00640 

TIN,  (Calc.) 

*9/1 

MM 

m 

0.52 

0.51 

m 

0.31 

0.30 

0.76 

0.36 

006Q5 

TON,  (Calc.) 

*9/1 

I^RI 

m 

M 

H 

m 

0.8 

m 

m 

Ml 

N,  Total  (Calc.) 

atg/l 

m 

in 

m 

m 

m 

in 

1.1 

0.8 

00671 

Olss.  o-P 

"9/1 

m 

BI 

RM 

00665 

P,  Total 

"9/1 

IRM 

Ml 

H9 

m 

IRI 

0.03 

00937 

K,  Total 

"9/1 

Mi 

III 

HI 

MS 

m 

1^9 

IRH 

_L9. 

00929 

Na,  Total 

"g/t 

■H 

m 

■Rl 

m 

R9 

191 

00946 

S0«,  Dissolved 

"9/1 

EHI 

RH 

m 

Mi 

m 

m 

!!■ 

00745 

S,  Total 

mg/t 

IRfM 

n 

liS 

l^^i 

99 

Ml 

99 

01092 

7n 

ug/i 

m 

m 

RM 

IM 

im 

Mi 

B 

10 

10 

B 

Dash  (*’*)  Indicates  duplicate  analysis  not  required. 
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TABLE  B-ia  Results  of  duplicate  spiked  analyses, 
Middle  Black  Warrior-Tomb igbee  Rivers, 
August  26-29,  1979. 


STORET 

CODE 

’’ARAMETER 

_ 

STATION 

1  Dup 

6  Duo 

17  Dup 

DATE 

8/26 

8/29 

8/27 

TIME 

UNITS 

70996  ATP  wq/t 


00916  Ca.  Total  ag/i 


00940  I  Cl  mg/t 


0^046  [  Fe,  Dissolved  ug/4 


74010  Fe.  Total  mg/l 


00327  Mg.  Total  mg/t 


010561  Mn.  Dissolved  ug/i 


01055  Mn.  Total  mg/t 


00610  NH,  mg/t 


00630  NOj-NO,  mg/t 


00625  TKN  mg/t 


00681 


00680  TOC  <ng/t 


00600  N.  Total  (Calc.)  ntg/t 


00671  01 ss.  o-P  mg/t 


00665  P.  Total  ing/l 


00937  K.  Total  mg/i 


00929  Na.  Total  mg/t 


00946  SO,.  Dissolved  ]  mg/t 


00745  s.  Total  mg/t 


31616 


31673 


E 


70300 


00530 


00076 


00900 


Dash  (- 


ORP 


Sp.  Cond. 


Trans. .  S. 


L.  Trans. 


Aik. .  Total 


OOC 


TOC 


Qilorophyll,  a  I  U9/A 


Chlorophyll,  b  I  ug/t 


Chlorophyll,  c  (ig/t 


Color,  True 


Pt.  Co, 


Fecal  Conform  /100  mt  320 


Fecal  Strep. 


F.C./F.S.  Ratio 


Res.,  Tot.  Flit,  mg/t 


Res.,  Tot.  Nonf.  mg/t 


Turbidity 


Hach  FTU 


Hardness  (Calc.)  jmg/t 


■)  Indicates  analysis  not  required 


STATION 


DATE 


TIIC 


UNITS 


feet 


S.U. 


■g/t 


mV 


umhos/ 


Inches 


feet 


•g/t 


mg/t 


mg/t 
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TABLE  B-13.  Continued 


STOREl 

CODE 

PARAirrER 

STATION 

1 

1  Oup 

10 

IHH 

DATE 

ID/l 

10/1 

10/2 

10/3  10/3 

TIME 

UNITS 

70996 

ATP 

■9/1 

— 

— 

B1 

— 

—  — 

00916 

Ca.  Total 

■0/1 

— 

— 

m 

— 

IHEBBlHi 

00940 

Cl 

■0/1 

— 

— 

— 

— 

01046 

Fc.  Dissolved 

ug/1 

<50 

<50 

m 

20 

74010 

Fa,  Total 

■9/1 

0.34 

0.36 

1.01 

00927 

Mg,  Total 

■9/1 

— 

— 

m 

1 

1 

01056 

Mn,  Dissolved 

wg/1 

m 

83 

’IH 

so 

<50  <50 

0.08  0.04 

0.10  0.08 

OIOSS 

Mn,  Total 

■9/1 

0.17 

0.17 

0.14 

00610 

NH, 

■g/i 

^^3 

IQ 

m 

^^3 

NO, -NO, 

■g/i 

0.78 

0.78 

0.79 

0.66 

00625 

TKH 

■fl/i 

III 

in 

in 

Rl 

TIN,  (Calc.) 

«g/i 

IH 

BH 

in 

BnraB 

■msiBBBi 

00605 

TON,  (Calc.) 

■9/1 

in 

m 

Iffll 

0.61 

00600 

N,  Total  (Calc.) 

■9/1 

m 

m 

1.8 

1.4 

00671 

Olss.  o-P 

■9/1 

0.015 

0.011 

0.005 

0.008 

00665 

P,  Total 

■9/1 

0.02 

0.02 

m 

0.05 

BSSB 

00937 

K.  Total 

■g/t 

••• 

••• 

00929 

Na,  Total 

■9/1 

••• 

••• 

... 

00946 

SO,,  Dissolved 

■9/1 

m 

55 

m 

m 

mmiQum 

00745 

S,  Total 

■g/1 

.09 

.09 

131 

.10  .12 

01092 

Zn 

wg/t 

52 

45 

10 

12 

<10  <10 

Dish  (— )  1nd1citt$  inalysls  not  re(|u1r«<l. 

Asterisk  (*)  Indicates  smple  container  apparently  contaulnated. 


TABLE  B-20.  Results  of  duplicate  spiked  analyses. 

Middle  Black  Warrior  and  Tombigbee  Rivers 
October  1-3,  1979. 


STORE! 

CODE 

PARAMETER 

STATION 

1  Dup 

10  Dup 

21  Dup 

DATE 

10/1 

10/2 

10/3 

TIME 

UNITS 

70996 

ATP 

mg/t 

... 

— 

B 

00681 

DOC 

■g/l 

103S 

90< 

98t 

00680 

TOC 

mg/i 

103t 

92t 

102t 

01046 

Fe.  Dissolved 

W9/A 

102S 

104t 

104t 

74010 

Fe,  Total 

mg/t 

not 

98t 

lost 

00927 

M).  Total 

mg/t 

^mi 

— 

— 

01056 

Mn.  Dissolved 

ug/t 

82t 

84t 

98t 

01055 

Mn,  Total 

n»g/t 

lOlS 

96t 

98t 

00610 

NH, 

mg/t 

loot 

104t 

106t 

00630 

NO: -NO, 

mg/l 

Miss 

104t 

98t 

00625 

TKN 

mg/t 

133t 

160t 

117t 

00640 

TIN,  (Calc.) 

f»g/t 

— 

— 

9 

00605 

TON,  (Calc.) 

ng/t 

B 

B 

B 

00600 

N,  Total  (Calc.) 

mg/l 

— 

... 

— 

00671 

01 ss.  o-P 

mg/l 

107t 

95t 

98t 

00665 

P.  Total 

mg/l 

103t 

142t 

99t 

00937 

K,  Total 

mg/t 

M 

— 

— 

00929 

Na,  Total 

mg/l 

5 

— 

— 

00946 

SO,,  Dissolved 

mg/l 

107t 

119t 

108t 

00745 

S,  Total 

mg/t 

— 

— 

— 

01092 

Zn 

ug/i 

90t 

95t 

120t 

Dash  (— )  Indicatas  analysis  not  raqulrad. 


B-31 


Dash  (-)  indicates  data  not  recorded. 
*  Before  and  After  dewatering  lock. 


Physical “Chemical  measurements.  Tributary  Stations,  Middle  Black  Warrior 
Tombigbee  Rivers,  August  27  -  31,1978. 


Before  and  After  dewatering  lock. 
Dash  (•!  uwlirates  dsta  not  recorded 


Physical -Chemical  measurements.  Tributary  Stations,  Middle  Black  Warrior 
Tombigbee  Rivers,  October  1-5,  1978. 


Before  dewatering  lock.  Results  After  dewatering  not  recorded. 
Dash  (-)  Indicates  data  not  recorded. 


Physical -Chemical  measurements,  Tributary  Stations,  Middle  Black  Warrior 
Tombigbee  Rivers,  December  10  -  14,  1978. 


Instrument  malfunction. 

Before  and  After  dewatering  lock 


Physical-Chemical  measurements.  Tributary  Stations,  Middle  Black  Warrior 
Tombigbee  Rivers,  February  27  -  March  2,  1979. 
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I 
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.wo.  O  CM  CM  0(1  (A  ^1  (O  CM  ^  CMl  CM|  IA  IA  (A  CMI  iA|  00  CM 

O  V  **  CM  ^  I  ^  I  ^1  CM  c»>  cnt  CM  CMI  cm  «n  CM| 


^  » 


O  «-4  CM 

0(CMf*><>^«-Mw^4n<A 

H>00h-H>0^00 


Before  and  After  dewatering  lock 


Before  and  After  dewatering  lock. 

Dash  (  )  indicates  data  not  recorded 


Physical-Chemical  measurements.  Tributary  Stations,  Middle  Black  Warrior 
Tombigbee  Rivers,  July  29  -  August  1,  1979. 


*  Before  and  After  dewatering  lock. 
Dash  ( — )  indicates  data  not  recorded 


f 


TABLE  C-10 .  Physical-Chemical  measurements.  Tributary  Stations,  Middle  Black 
Warrior-Tombigbee  Rivers,  October  1-3,  1979. 


^  „  ^  p 
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oooooooooocooooo 


9  ts* 

^  A  A 
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TABLE  D-1.  Top  and  bottom  comparison  of  in-situ  parameters,  r 

Middle  Black  Warrior-Tombigbee  Rivers,  October  -J 

1-5,  1978.  : 

-4 


TABLE  D-1  .  Continued 


STATION 

DATE 

i 

DEPTH 

meters 

TEMP. 

oc 

26 

1 

2.5 

26 

7 

i 

■a 

26 

10/3 

6 

26 

1 

m 

25.5 

9.5 

25.5 

25 

2  1 

25 

8 

10/3 

4 

25 

6 

25 

8 

1 

25 

10 

25 

■9 

25.5 

2 

25.5 

9 

10/3 

4 

25 

6 

1 _ 

25 

■a 

24 

■a 

26.5 

10 

10/3 

26 

5 

26 

aa 

26 

■D 

26.5 

3 

26.5 

12 


10/3 


5 


26.5 


SP.  COND. 
pnSios/cm 

DISSOLVED 

OXYGEN 

mg/i 

OXIDATION 

REDUCTION 

POTENTIAL 

mV 

200 

6.7 

365 

200 

6.5 

365 

200 

6.4 

365 

200 

6.4 

365 

200 

6.2 

365 

195  5.7  365 


195 

1 

6.8 

345 

195 

1 

6.3 

350 

195 

6.1 

350 

190 

5.7 

350 

1 

190 

1 

5.6 

350 

190 

5.9 

345 

195 

7.0 

355 

195 

6.4 

355 

195 

6.1 

355 

195 

6.1 

355 

195 

6.2 

350 

195 

7.9 

350 

195 

7.8 

360 

195 

7.7 

360 

195 

7.6 

360 

195 

8.3 

345 

195  7.6  I  360 

195  7.3 

195  7.2 


195 


7.1 


360 

355 

350 


TABLE  0-1.  Continued 


E 


Continued 


E 


Continued 


D-2.  Top  and  bottom  comparison  of  in-situ  parameters. 
Middle  Black  Warrior-Tombigbee  Rivers,  December 
10  -  14,  1978. 


STATION 

DATE 

DEPTH 

meters 

■ 

pH 

S.U. 

SP.  COHD. 
umhos/cffl 

DISSOLVED 

OXYGEN 

ntg/l 

tiii 

1 

12/11 

kd 

10.0 

IB 

200 

* 

310 

13.0 

IB 

195 

* 

310 

2 

12/11 

■a 

11.5 

7.6 

200 

* 

320 

6 

_ 

m 

200 

* 

320 

3 

mmm 

11.0 

ta 

200 

10.9 

330 

s 

11.0 

ID 

200 

10.4 

330 

4 

12/12 

■D 

11.0 

D1 

205 

10.6 

320 

5 

11.0 

IB 

200 

10.4 

320 

5 

12/12 

0.3 

10.5 

D 

190 

10.9 

320 

7 

10.5 

nri 

190 

10.6 

320 

6 

12/12 

0.3 

12.5 

BEI 

170 

11.0 

230 

12 

12.5 

175 

9.7 

230 

7 

12/12 

■B 

12.5 

IB 

165 

9.8 

310 

9 

12.5 

O 

165 

9.8 

315 

8 

12/12 

mQQi 

12.0 

IB 

170 

9.5 

310 

13 

12.0 

r7:r 

_ 

170 

9.4 

310 

9 

12/13 

■B 

9.5 

170 

10.0 

360 

8 

9.5 

on 

165 

9.6 

350 

10 

12/13 

12.0 
■  - 

8.8 

170 

11.4 

300 

n,4 


8 


12.0 


8.8 


170 


310 


TABLE  D-2.  Continued 


STATION 

DATE 

DEPTH 

meten 

TEMP. 

OC 

pH 

S.U. 

SP.  CONO. 
uflt)os/cm 

DISSOLVED 

OXYGEN 

mg/l 

OXIDATION 

REDUCTION 

POTENTIAL 

mV 

12 

12/13 

10.5 

* 

170 

10.9 

330 

11 

11.0 

a 

170 

10.3 

335 

13 

12/13 

12.0 

B 

160 

10.2 

340 

12 

12.0 

B 

160 

10.1 

345 

14 

12/1^ 

■O 

14.5 

B 

160 

10.4 

290 

12 

14.5 

B 

165 

9.8 

305 

15 

12/13 

mam 

13.0 

B 

165 

10.2 

290 

14 

1 _ 

13.0 

B 

165 

10.0 

290 

16 

12/14 

m 

12.5 

B 

165 

10.3 

310 

15 

12.5 

B 

165 

9.8 

320 

17 

12/10 

■B 

IB 

1  7.1  1 

bbi 

11.0 

270 

5 

moi 

IB 

115 

11.0 

270 

19 

12/10 

m 

1  7.5 

7.1 

* 

11.0 

270 

1 _ 

D 

ra 

* 

17.0 

270 

19 

12/10 

* 

B 

* 

* 

7 

* 

B 

* 

It 

20 

12/10 

BB 

B 

♦ 

* 

it 

14 

* 

* 

♦ 

* 

♦ 

21 

12/14 

10.0 

130 

9.6 

290 

14 

9.5 

B 

130 

9.4 

300 

22 

12/14 

0.3 

10.5 

B 

140 

9.3 

270 

16 

10.5 

B 

140 

9.6 

260 

23 

im 

0.3 

B 

140 

10.4 

330 

13 

B 

140 

9.8 

330 

*  Instrument  malfunction. 


D-8 


TABLE  D-3.  Top  and  bottom  comparison  of  in-situ  parameters, 
Middle  Black  Warrior-Tombigbee  Rivers,  Februa»'y 
27  -  March  2.  1979. 


TABLE  D-3.  Continued 


IsTATION 

DATE 

DEPTH 

meters 

TEMP. 

°C 

pH 

S.U. 

SP.  COND. 

uaiios/an 

DISSOLVED 

OXYGEN 

mg/1 

OXIDATION 

REDUCTION 

POTENTIAL 

mV 

7 

2/28/79 

1 

9.5 

6.8 

140 

11.2 

410 

12 

9.5 

6.8 

140 

11.2 

420 

9 

1 

9.5 

6.7 

135 

11.1 

420 

9.5 

B 

135 

11.2 

420 

10 

inwi 

_ 

— 

1 

_ 

7.5 

6.7 

150 

11.8 

440  - 

14 

B 

B 

150 

11.8 

440 

B 

H 

1 

9.0 

6.8 

150 

11.6 

410 

15 

m 

6.8 

150 

11.4 

- 1 

410 

13 

znwi 

1 

8.5 

6.8 

150 

11.0 

420 

16 

m 

6.8 

150 

11.1 

420 

14 

2/26/79 

1 

9.5 

6.9 

150 

11.0 

410 

19 

6.8 

160 

11.0 

410 

TABLE  D-3.  Continued 


TABLE  D-4.  Top  and  bottom  comparison  of  in-situ  parameters. 
Middle  Black  Warrior-Tombigbee  Rivers,  May 
13-16,  1979. 


STATIW 

DATE 

SAMPLE 

DEPTH 

METERS 

TEMP. 

•c 

0.0. 

mg/t 

CONO. 

tiinho/an 

1 

pH 

S.U. 

ORP 

mV 

1 

5/14/79 

1.5 

19.5 

9.6 

120 

6.9 

400 

Bi 

19.0 

9.4 

120 

6.9 

400 

2 

5/14/79 

— 

1.5 

19.5 

9.6 

125 

6.9 

420 

B 

19.5 

9.6 

125 

6.9 

420 

3 

5/14/79 

1.5 

19.5 

9.1 

135 

6.9 

410 

B 

19.5 

_ 1 

9.2 

135 

6.9 

_ 1 

410 

_ 

4 

5/14/79 

1.5 

19.5 

9.1 

135 

6.9 

410 

5.5 

19.5 

9.1 

135 

6.8 

420 

5 

5/14/79 

- 

1.5 

20.0 

9.1 

130 

6.9 

410 

14.8 

20.0 

9,2 

130 

6.8 

420 

5/15/79 

1.5 

20.0 

8.7 

120 

6.7 

410 

9.8 

20.0 

8.8 

120 

6.8 

410 

7 

5/15/79 

1-5  _ 

21.0 

8.8 

135 

6.8 

410 

9.5 

20.5 

8.8 

135 

6.8 

420 

LE 


STATION 

DATE 

9 

5/15/79 

21.0  8.4 


21.0  8.5 


COND. 

vmho/an 

pH 

S.U. 

ORP 

mV 

135 

6.8 

425 

1 

135 

6.8 

430 

5/15/79 


5/16/79 


1.5 

21.0 

8.9 

35 

9.0 

21.0 

9.2 

135 

5/16/79 


6.8 

410 

6.8 

420 

5/16/79 


22.5  8.8 


22.0  8.8 


1.5 

22.5 

8.8 

140 

6.8 

410 

14.0 

22.0 

8.5 

140 

6.8 

420 

1.5 

22.0 

9.1 

145 

6.9 

— 

390 

22.0 

9.1 

145 

6.9 

400 

5/16/79 


5/16/79 


I 


13 


TABLE  D-4.  CONTINUED 


STATION 

lATE 

SAMPLE 

DEPTH 

METERS 

H 

m 

COND. 

iimho/cm 

pH 

S.U. 

ORP 

mV 

17 

5/13/79 

1.5 

21.5 

n 

100 

6.8 

420 

B 

- 

■ 

- 

- 

- 

18 

5/13/79 

1.5 

21.0 

7.8 

100 

n 

390 

22.0 

21.0 

7.8 

100 

B 

400 

19 

5/13/79 

1.5 

HI 

m 

100 

8.2 

350 

Bi 

21.0 

m 

100 

8.2 

350 

20 

5/13/79 

1.5 

21.0 

7.2 

100 

7.2 

350 

13.5 

21.0 

D 

100 

B 

350 

21 

5/13/79 

1.5 

21.5 

7.3 

no 

7.9 

370 

13.5 

21.5 

B 

- 

B 

- 

23 

5/16/79 

1.5 

22.0 

m 

135 

BB 

390 

15.0 

22.0 

B 

135 

- 1 

7.1 

390 

Dash  (-)  indicates  measurement  not  taken. 


D-14 


TABLE  D-5.  Top  and  bottom  comparison  of  in-situ  parameters. 
Middle  Black  Warrior-Tombigbee  Rivers,  June  17  - 
20,  1979. 


STATION 

OATE 

DEPTH 

meters 

TEMP. 

“c 

pH 

S.U. 

SP.  COND. 

unhof /cm 

DISSOLVED 

OXYGEN 

mg/1 

OXIDATION 

REDUCTION 

POTENTIAL 

mV 

1 

6/19/79 

1.5 

25.0 

6.9 

205 

7.4 

420 

6.0 

25.0 

6.9 

205 

7.4 

420 

2 

1.5 

25.5 

205 

7.9 

400 

25.5 

I2U 

400 

3 

6/19/79 

■■  '■ 

iilS 

26.5 

6.9 

205 

7.8 

400 

26.0 

5.8 

205 

7.6 

410 

0 

1 

26.5 

6.9 

210 

7.8 

405 

B 

26.0 

6.3 

.mi 

210 

L— ^ 

410 

5 

6/19/79 

1.5 

27.5 

9.3 

390 

26.5 

B 

190 

8.6 

390 

6 

6/20 

1.5 

27.0 

7.1 

■■■  1 

190 

8.3 

410 

9.8 

27.0 

6.9 

190 

8.1 

420 

TABLE  D-5.  Continued 


TABLE  D-5.  Continued 


TABLE  D-6.  Top  and  bottom  comparison  of  in-situ  parameters 
Middle  Black  Warrior-Tombigbee  Rivers,  July  29 
August  1,  1979. 


TABLE  D-6.  Continued 


STATION 

DATE 

DEPTH 

meters 

— 

1  TEMP. 

“c 

pH 

S.U. 

i 

SP.  CONO. 

wntios/cm 

DISSOLVED 

OXYGEN 

mg/I 

OXIDATION 

REDUCTION 

POTENTIAL 

mV 

B 

29.0 

B 

150 

7.4 

480 

m 

6.7 

150 

7.3 

480 

9 

a/1/79 

— 

1.5 

2C.5 

6.7 

140 

/ .  5 

28.0 

m 

6.9 

480 

10 

8/1/79 

1.5 

29.0 

6.8 

150 

8.0 

470 

— 

8.5 

— 

28.5 

6.8 

— 

150 

7.8 

470 

12 

HH 

29.0 

m 

150 

8.4 

460 

■ 

28.5 

n 

150 

13 

7/31/79 

1.5 

29.0 

150 

8.1 

470 

6.0 

28.5 

6.9 

150 

8.1 

470 

14 

7/31/79 

1.5 

29.0 

7.0 

150 

8.2 

470 

9.5 

28.5 

150 

7.6 

470 

D-19 


TABLE  D-6.  Continued 


TATION 


1 

SP.  COND.  1 

DISSOLVED 

OXYGEN 

uAos/cm  1 

_ 1 

mg/1 

REDUCTION 

POTENTIAL 


29. S 


I 

29.0  1  6.9' 

I 


I  > 

.5  27.5  :  7.1 

i 


3.0  j  27.0  7.1 


.5  I  27.5  I  7.1 

I  I 


27.5 


.5  27.5  j  7.1 

I 


8.5  I  27.5 

I 


1.5  28.5  7.1 


12  26.0 


1.5  j  29. 


13  I  27.5 


120 


120 


140 


140 


.2  150 


20  7/30/79 


7/30/79 


1.5 

28.5 

13 

28.0 

23  7/31/79 


2 


TABLE  D-7.  Top  and  bottom  comparison  of  in-situ  parameters 
Middle  Black  Warrior-Tombigbee  Rivers, 

October  1-3,  1979. 


TABLE  D-7  .  Continued 


STATION 

DATE 

•DEPTH 

■etars 

Q 

pH 

S.U. 

SP.  CONO. 

uHhos/cn 

DISSOLVED 

OXYGEN 

■9/1 

OXIDATION 

REOUaiON 

POTENTIAL 

■V 

7 

10/1/79 

1.6 

D 

B 

215 

8.2 

460 

11.0 

B 

215 

8.1 

460 

9 

10/1/73 

1.6 

24.0 

B 

215 

7.8 

450 

6.0 

24.0 

7.3 

215 

7.8 

450 

10 

10/2/79 

1.6 

24.0 

7.3 

■ 

215 

8.8 

450 

— 

8.5 

24.0 

7.2 

Bi 

8.8 

460  1 

12 

1.6 

24.0 

7.2 

>---■* - 

215 

8.1 

460  1 

■ 

10.5 

- 1 

24.0 

7.2 

215 

8.1 

460 

13 

— 

10/2/79 

B 

24.0 

B 

210 

BI 

470 

— 

9.0 

24.0 

7,2 

1  ■»! 

210 

B 

470 

14 

10/2/79 

1.6 

•24.0 

B 

200 

wm 

10.5 

24.0 

7.2 

200 

8.0 

j  460 

D- 


22 


TABLE  D-7.  Continued 


STATION 

DATE 

a 

pH 

S.U. 

SP.  COND. 

wkNos/or 

DISSOLVED 

OXYGEN 

mg/1 

OXIDATION 

REDUCTION 

POTENTIAL 

mV 

15 

1.6 

24.0 

B 

190 

8.1 

460 

Bi 

460 

16 

1  "  ■  ' 

10/2/79 

1.6 

_ 

— 

24.0 

_ 

7.3 

_ 

180 

m 

180 

460 

17 

10/3/79 

B 

22.0 

7.0 

85 

9.5 

480 

n 

16.0 

22.0 

B 

85 

— 

9.5 

BH 

18 

4.0 

22.5 

9.1 

480 

B 

16.0 

22.5 

- 

90 

— 

9.1 

480 

19 

— 

10/3/79 

7.1 

90 

8.3 

480 

B 

22.0 

— 

7.1 

90 

7.9 

480 

B 

10/3/79 

1.6 

22.5 

7.1 

no 

5.9 

460 

B 

12.0 

22.0 

7.1 

110 

mm 

470 

B 

10/3 '79 

1.6 

B 

B 

100 

5.4 

480 

B 

BP 

Li!:L 

7.1 

100 

mm 

23 

10/2/79 

B 

160 

7.4 

470 

16.0 

23.0 

m 

140 

6.6 

— — 

D-23 


-situ  parameters  measured  at  vertical  cross-section.  Station  R-8 
ddle  Black  Warrior-Tombigbee  Rivers,  July  30  -  August  4,  1978. 


31.0 _ ^ _ _J70 

31.0  4.8  375 

30.5  4.8  '  ■  375 


parameters  measured  at  vertical  cross-section,  Stati 
lack  Warrior-Tombigbee  Rivers,  August  27  -  31,  1978. 


measured  at  vertical  cross-section.  Station 


parameters  measured  at  vertical  cross-section,  Sta 
lack  Warrior-Tombigbee  Rivers,  October  1-5,  1978 


<  o  z  > 

a  =3  LU  E 
HH  Q  H- 
X  Ui  O 
o  ce:  Q. 


0  1x10) 

</)  cfl  E 
lo  >- 
i-H  X 
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O  O  O  O  O  O 

vD  VO 

CO  CO  ro  ro  ro  CO 


O  O  O  O  O  O 

o  o  o  o  o  o 

04  cvj  CM  C\J  C\J  CVJ 


m  o 

Lf)  VO 
CO  CO 


g  s 

rr>  m 


in  o 
m 

00  oo 


Lf>  un 
00  CO 
CO  ro 


O  O  Q  O  Q 

O  O  O  O  O 

CVJ  CSi  CSJ  CNJ  CSJ 


o  o  o  o  o  o 

O  O  O  O  O  O 

CM  CM  CM  C\J  CM  CSJ 


tu  parameters  measured  at  vertical  cross-section.  Station  R-8 
e  Black  Warrlor-Tomblgbee  Rivers,  December  10  -  14,  1973. 


parameters  measured  at  vertical  cross-section.  Station 
lack  Warrior-Tombigbee  Rivers,  December  10  -  14,  1978. 


t 


3 

•M 


20 

Q) 


VI  TD 
I  "O 
C  -r- 


co 


I 

UJ 


CO 


OXIDATION 

REDUCTION 

POTENTIAL 

mV 

330 

330 

340 

280 

280 

280 

280 

270 

270 

270 

o 

VO 

_ 

o 

LD 

OJ 

LO 

cn 

vlVJ 

. 

LD 

cr> 

295 

295 

DISSOLVED 

OXYGEN 

mg/i 

6*6 

00 

■ 

1 

1 

00 

9.8 

9.8 

9.8 

CTY 

1 

9*6 

9.9 

9.8 

SP.  COND. 
vimhos/cm 

140 

140 

140 

140 

140 

o 

140 

140 

140 

140 

140 

140 

o 

1 

o 

r-“ 

5 

r*— 

140 

X  ZD 

O,  < 

CO 

a 

B 

fl 

B 

B 

B 

B 

B 

B 

B 

B 

■ 

B 

B 

B 

B 

ol  o 
asro 

LU 

1— 

O 

01 

9.5 

10.5 

10.5 

S*0l 

10.5 

10.5 

S*0l 

10.5 

10.5 

10.5 

10.0 

10.0 

o 

• 

o 

o 

• 

o 

DEPTH 

meters 

1 

ro 

m 

1 

ro 

B 

- 

1 

LO 

o 

m 

1 

ro 

ir> 

B 

%  DISTANCE 

RIGHT  BANK 

O 

30 

09 

06 

Instrument  malfunction 


parameters  measured  at  vertical  cross-section.  Station  R-8, 
lack  Warrior- Tombigbee  Rivers,  February  27  -  March  2,  1979. 


-situ  parameters  measured  at  vertical  cross-section.  Station 
ddle  Black  Warrior-Tombigbee  Rivers,  May  13  -  16,  1979. 


situ  parameters  measured  at  vertical  cross-section.  Station  R-22 
die  Black  Warrior-Tombigbee  Rivers,  May  13  -  16,  1979. 


22.0  7.8  140  7.1  400 


TABLE  E-14,  In-situ  parameters  measured  at  vertical  cross-section,  Station  R-22, 
Middle  Black  Warrior-Tombigbee  Rivers,  June  17  -  20,  1979. 


tu  parameters  measured  at  vertical  cross-section,  Station 
e  Black  Warrior-Tombigbee  Rivers,  July  29  -  August  1,  1979 
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^  HD-fil21  693  WATER  QUALifV  ttANAGEMENT  STUDIES  MIDDLE  BLACK  WARRIOR 

AND  LOWER  TOMBIGBEE  .  <U)  HARMON  ENGINEERING  AND  TESTING 
CO  INC  AUBURN  AL  APR  82  DACH01-78-C-0181 


UNCLASSIFIED 


F/6  13/2 


NL 


parameters  measured  at  vertical 
lack  Uarrior-Tombigbee  Rivers, 


TABLE  E-17.  In-situ  parameters  measured  at  vertical  cross-section.  Station  R-8, 
Middle  Black  Warrior-Tombigbee  Rivers,  August  26  -  29,  1979. 


n 


o  o 

CM 

in  in 


ol  o 
ml  m 
in|  in 


ol  ol 
ool  001 


91  <=> 

0^1  Ot|  Ol 


oil  Ol| 
cmI  «ni| 


moo 
•  •  • 
C7I  Ol  Ol 
CM  CM  CM 


ui  m 
-J  pc  QC 
a.  P  UI 
Z  Q.  I- 

<C  U'  UJ 

CO  a  z 


29.5 


parameters  measured  at  vertical  cross-section.  Station 
lack  Warrior-Tombigbee  Rivers,  August  26  -  29,  1979. 


parameters  measured  at  vertical  cross-section.  Station 
lack  Marrior-Totnbigbee  Rivers,  October  1  -  3,  1979. 


parameters  measured  at  vertical  cross-section.  Station 
lack  Warrior-Tombigbee  Rivers,  October  1-3,  1979. 


TABLE  F-1  •  Extensive  Mixing  Studies:  Vertical  Profile  of  in-situ  parameters. 
Middle  Black  Warrior  -  Tombigbee  Rivers,  October  1-5,  1978. 


-V-TATION  NO. 

r,  DISTANCE 

SAMPLE 

1 

i--  (STORE! 

DATE 

FROM  RIGHT 

DEPTH 

TEMP 

pH 

SP.  COND. 

D.O. 

ORP 

CODE  NO.) 

BANK 

METERS 

OC 

S.U. 

pmhos/cm 

mg/a 

mV 

1 

(4179) 


4 

(4169) 


10/2/7 


10/2/7 


10/2/7 


10/2/7 


"  ■  —  1 

1 

.3 

180 

.3 

180 

.2 

185 

.2 

185 

.3 

180 

.3 

180 

.5 

195 

.5 

195 

D 

195 

a 

195 

a 

195 

.6 

195 

D 

210 

D 

205 

.3 

215 

210 

’.3 

210 

'.3 

210 

T  ■  5  feet  fof  depths  of  10  feet  or  greater.  For  depths  less  than  10  feet,  half  the  depth 
B  *  5  f%€t  from  the  bottom. 


F-2 


TABLE  F-1 .  Continued 


DATE 

%  DISTANCE 
FROM  RIGHT 

SAMPLE 

DEPTH 

TEMP 

pH 

SP.  COND. 

D.O. 

ORP 

BANK 

METERS 

S.U. 

pmhos/cm 

mg/t 

mV 

(4166)  10/2/7 


6 

(4163) 


10/2/7 


7 

(4159) 


10/3/7 


8 

.f4156) 

10/3/7 

22 

7 

.3 

200 

6.8 

350 

25 

7 

.2 

195 

6.7 

350 

26 

7 

.2 

200 

ffli 

365 

25.5 

195 

5.7 

365 

22 

7 

.3 

200 

n 

350 

24 

7 

.3 

200 

6.9 

350 

26 

■ 

.2 

195 

7.0 

350 

26 

7.0 

190 

5.9 

355 

26 

7 

.2 

195 

m 

350 

25 

7 

.2 

195 

6.6 

335 

24 

7 

.3 

195 

6.7 

340 

25 

.2 

190 

'  "  i 

6.0 

345 

T  ■  5  feet  for  depths  of  10  feet  or  greater.  For  depths  less  than  10  feet,  half  the  depth. 
B  *  5  feet  from  the  bottom. 


.*• 


TABLE  F-1  .  Continued 


STATION  NO. 
(STORET 

DATE 

%  DISTANCE 
FROM  RIGHT 

SAMPLE 

DEPTH 

TEMP 

pH 

SP.  COND. 

D.O. 

ORP 

CODE  NO.) 

BANK 

METERS 

OC 

gmhos/cm 

mg/t 

mV 

9 

(4153) 


10 

(4149) 


12 

(4146) 


13 

(4143) 


10/4/7 


195 

n 

350 

200 

8.4 

J 

340 

200 

m 

350 

195 

8.3 

345 

195 

7.1 

350 

195 

8.3 

345 

115 

8.3 

340 

180 

8.2 

345 

180 

7.8 

345 

180 

B 

345 

180 

7.0 

360 

185 

7.8 

345 

185 

7.8 

345 

T  =  5  feet 
B  *  5  feet 


for  depths  of  10  feet  or  greater.  For  depths  less  than  10  feet,  half  the  depth 
from  the  bottom. 
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TABLE  F-l.  Continued. 


STATION  NO. 
(STORET 

DATE 

%  DISTANCE 
FROM  RIGHT 

SAMPLE 

DEPTH 

TEMP 

pH 

SP.  COND. 

1 

j 

D.i 

ORP 

CODE  NO.) 

BANK 

METERS 

OC 

S.U. 

ymhos/cm 

mg  A  1 

j 

mV 

14 

(4139) 


195 

8.2 

315 

195 

8.2 

315 

190 

8.0 

315 

lft5 

6.6 

340 

185 

8.5 

315 

185 

8.0 

320 

24.5 

7.8 

160 

25.5 

m 

160 

25 

7.8 

165 

25.5 

nai 

160 

24.5 

7.8 

160 

25 

7.8 

160 

T  »  5  feet  for  depths  of  10  feet  or  greater.  For  depths  less  than  10  feet,  half  the  depth 
B  •  5  feet  from  tne  bottom. 


TABLE  F-1.  Continued. 


STATION  NO. 
(STORET 

DATE 

%  DISTANCE 
FROM  RIGHT 

SAMPLE 

DEPTH 

TEMP 

pH 

SP.  COND. 

D.O. 

ORP 

CODE  NO.) 

BANK 

METERS 

OC 

S.U. 

umhos/cm 

mg/n 

mV 

18 

(3119) 

10/1/7 

20 

(3113) 


10/1/7 


10/5/7 


10/5/7 


5.5 

315 

5.4 

345 

5.2 

365 

5.2 

370 

5.6 

340 

5.5 

350 

190 

6.8 

340 

190 

6.3 

340 

190 

355 

190 

5.6 

360 

190 

6.6 

345 

190 

6.4 

345 

T  »  5  feet  for  depths  of  10  feet  or  greater.  For  depths  less  than  10  feet,  half  the  depth. 
B  *  5  feet  from  the  bottom. 


TABLE  F-1  .  Continued 


TABLE  F-2.  Extensive  Mixing  Studies:  Vertical  Profile  of  in-situ  parameters. 

Middle  Black  Warrior  -  Tombigbee  Rivers,  February  27  -  March  2,  1979. 


STATION  NO. 
(STORET 

DATE 

%  DISTANCE 
FROM  RIGHT 

SAMPLE 

DEPTH 

TEMP 

pH 

I 

SP.  COND. 

D.O. 

1 

ORP 

CODE  NO.) 

BANK 

METERS 

OC 

S.U. 

ymhos/cm 

mg/i 

mV 

(4179)  3/1/79 


76)  3/1/79 


73)  3/1/79 


4 

(4169) 

2/29/7 

10.0  6.3 


10.0  6.3 


10.0  6.2 


10.0  6.2 


11. 


11.0 


11.0 


11.0 


11.0 


11.0 


11.6 

440 

11.6 

440 

11.5 

450 

11.5 

450 

11.5 

440 

11.5 

440 

10.0 

6.3 

155 

1 

11.6 

10.0 

6.3 

155 

11.6 

10.0 

6.5 

155 

11.5 

10.0 

6.5 

155 

11.4 

10.0 

6.5 

155 

11.3 

10.0 

6.5 

155 

11.4 

TABLE  F-2.  Continued. 


STATION  NO. 
(STORET 

DATE 

%  DISTANCE 
FROM  RIGHT 

SAMPLE 

DEPTH 

TEMP 

pH 

SP.  COND. 

CODE  NO.) 

BANK 

METERS 

oc 

S.U. 

utnhos/cm 

6 

(4163) 

2/28/7 

20 

9 

10.0 

6.8 

140 

11.2 

410 

50 

1 

10.0 

6.9 

140 

11.1 

410 

SO 

14 

10.0 

6.7 

140 

11.2 

410 

80 

1 

10.0 

6.8 

140 

ii;2 

410 

80 

6 

10.0 

6.8 

140 

11.2 

410 

2/28/7 


(4153)  2/28/7 


9.5 

6.8 

135 

11.2 

9.5 

6.7 

135 

11.2 

9.5 

6.7 

135 

11.1 

9.5 

6.7 

135 

11.2 

9.5 

6.8 

135 

11.0 

9.5 

6.8 

135 

11.0 

-9 


STATION  NO. 

(STORET 
CODE  NO.) 


DATE 

%  DISTANCE 
FROM  RIGHT 
BANK 

726/79 

20 

20 

50 

50 

80 

80 

METERS 


SP.  CONO. 

■ 

ORP 

wmhos/cm 

mg/l 

mV 

150 

12.0 

440 

150 

11.8 

440 

150 

11.8 

440 

150 

11.8 

440 

150 

11:8 

440 

150 

11.8 

440 

10 

(4149) 


(4146)  2/26/7 


(4143)  2/26/7 


(4139)  2/26/79 


20 

1 

20 

19 

50 

1 

50 

19 

80 

1 

80 

15 

9.5 


9.5  1  6.8 


TABLE  F-2.  Continued 


TABLE  F-2 .  Continued 


STATION  NO. 
(STORET 

DATE 

*  DISTANCE 
FROM  RIGHT 

SAMPLE 

DEPTH 

TEMP 

pH 

SP.  COND. 

CODE  NO.) 

BANK 

METERS 

Oc 

S.U. 

utnhos/cm 

/27/79 


12.5  7.6 


12.5  7.6 


12.5  7.5 


12.5  7.6 


12.5  7.6 


12.5  7.6 


IE 

E 

E 

E 

E 


12.0 


12.0  7.6 


12.0 


12.0  7.6 


12.0 


12.0  7.6 


13.0 


13.0 


13.0 


13.0 


13.0  7.6 


13.0  7.6 


20 

1 

10.5 

20 

1 _ 

10.5 

50 

1 

10.5 

50 

19 

10.5 

80 

1 

10.5 

80 

9 

10.5 

.6 

110 

9.2 

380 

.6 

110 

9.2 

380 

.5 

110 

9.2 

390 

.6 

110 

9.2 

390 

.6 

.  115 

9.2 

385 

.6 

115 

9.2 

390 

SB 

120 

9.2 

365 

.6 

120 

9.2 

370 

m 

120 

9.2 

375 

.6 

120 

9.2 

1 

370 

B 

120 

9.2 

1  370 

120 

9.1 

370 

B! 

120 

9.4 

370 

■ 

120 

9.3 

380 

n 

120 

9.2 

370 

m 

120 

9.1 

370 

.6 

120 

9.2 

370 

.6 

120 

9.2 

370 

.2 

130 

10.1 

400 

.2 

130 

10.0 

400 

.2 

130 

10.1 

400 

M 

130 

10.1 

400 

1  ■  1 

130 

10.0 

410 

^2 

130 

10.1 

400 

2 


STATION  NO. 
(STORET 

DATE 

%  DISTANCE 
FROM  RIGHT 

SAMPLE 

DEPTH 

TEMP 

pH 

SP.  COND. 

D.O. 

ORP 

CODE  NO.) 

BANK 

METERS 

OC 

S.U. 

umhos/cm 

- =d 

mg/l 

mV 

1  8/26/7 

(4179) 


2  8/26/7 

76] 


10 

0.3 

28.0 

.2 

210 

7.1 

460 

10 

6 

28.0 

1 

.2 

210 

7.1 

460 

50 

1.6 

28.0 

7 

.2 

210 

7.1 

460 

50 

6 

28.0 

7 

.2 

210 

7.0 

460 

90 

0.3 

28.0 

7 

.2 

210 

7.1 

460 

90 

1.5 

28.0 

7 

.2 

210 

7.1 

460 

4 

8/26/7 

(4169, 

28.5  '.3 


28.5  7.3 


28.5  7.3 


28.5  7.3 


28.5  7.3 


28.5  7.3 


28.5  7.3 


28.5  7.3 


28.5  7.3 


28.5 


28.5  7.3 


.3 

200 

.3 

200 

.3 

200 

.3 

200 

.3 

200 

.3 

200 

a 

210 

.3 

210 

.3 

210 

.3 

210 

n 

210 

.3 

210 

F-13 


TABLE  F-3.  Continued 


STATION  NO.  %  DISTANCE  SAMPLE 

(STORET  DATE  FROM  RIGHT  DEPTH  TEMP  pH  SP.  COND.  D.O.  ORP 
CODE  NO.)  BANK  METERS  ^C  S.U.  pmhos/cm  mg/t  mV 


9  440 


440 


5 

(4166) 


8/26/ 


6  8/29/7 

(4163) 


7 

8/29/7 

(4159) 

8/29.79 

10 

8 

(4156) 

10 

50 

50 

95 

95 

8.6  560 


8.0  560 


8.9  560 


8.0  560 


31.0 

7.9 

180 

29.5 

7.6 

180 

31.0 

7.7 

190 

29.5 

7.4 

185 

30.5 

7.6 

180 

29.0 

7.3 

180 

190 

9.1 

530 

190 

8.1 

520 

190 

8.8 

530 

190 

7.9 

520 

190 

9.1 

530 

190 

8.7 

520 

9.3  520 


8.4  520 


9.2  530 


.6  560 


8.9  520 


.5  560 


.  Continued. 


STATION  NO. 

(STORET 
CODE  NO.) 


DATE 

%  DISTANCE 
FROM  RIGHT 

SAMPLE 

DEPTH 

TEMP 

pH 

SP.  COND. 

D.O. 

ORP 

BANK 

METERS 

OC 

pmhos/cm 

mg/i 

mV 

9 

(4153) 


8/29/7 


10 

(4149) 


8/29/7 


12 

(4146) 


/28/79 

10 

10 

50 

50 

90 

90 

13 

(4143) 


29.0 


29.5 


29.0 


33.5 


29.0 


29.5 


29.5 


29.5 


29.5 


29.5 


29.5 


30.0 


29.0 


29.5 


29.0 


30.0 


29.0 


190 

1 

8.2 

520 

190 

8.1 

520 

180 

8.2 

520 

180 

8.1 

520 

180 

8.2 

520 

180 

8.2 

520 

5 

0.3 

29.5 

B 

160 

7 

.3 

490 

5 

2 

29.0 

7 

.3 

160 

7 

.3 

490 

50 

1.6 

29.5 

7 

.5 

160 

7 

.9 

490 

12^/19 

50 

1.0 

29.0 

7 

.2 

160 

6.8 

490 

90 

0.3 

30.0 

7 

.6 

160 

8.2 

490 

90 

4.5 

29.0 

7 

.3 

160 

6 

.8 

490 

IS 


STATION  NO.  %  DISTANCE  SAMPLE 

(STORET  DATE  FROM  RIGHT  DEPTH  TEMP  pH  SP.  COND.  D.O.  ORP 
CODE  NO.)  BANK  METERS  °C  S.U.  pmhos/cm  mg  A  mV 


14 

(4139) 


8/28/7 


15 

(4136) 

8/2^79 

5 

5 

50 

50 

1  1 

95 

95 

/28/79 


1  ; 

0.3 

30.5 

7 

.6 

140 

8.2 

500 

5 

3.5 

29.5 

7 

.3 

140 

Bl 

500 

50 

1.6 

30.0 

7 

.5 

140 

7.9 

490 

/27/79 

10 

10 

50 

50 

85 

85 

TABLE  F“3.  Continued. 


STATION  NO. 
(STORET 

DATE 

%  DISTANCE 
FROM  RIGHT 

SAMPLE 

DEPTH 

TEMP 

pH 

SP.  COND. 

0.0. 

ORP 

CODE  NO.) 

BANK 

METERS 

OC 

S.U. 

pmhos/cm 

mg/J. 

mV 

18 

8/27/7 

(3119) 

8/27/7 


8/27/7 


21 

8/28/7 

(3109) 

28.0  7.5 


28.0  7.5 


28.0  7.5 


28.0  7.5 


28.0  7.5 


28.0 


28.0  7.6 


28.0  7.6 


28.0  7.6 


28.0  7.6 


28.0  7.6 


31.5  8.7 


29.0  7.6 


29.5  7.9 


.6 

140 

.6 

140 

.6 

140 

.6 

140 

.6 

140 

.6 

140 

30.5  8.6 


29.0 


5 

0.3 

28.5 

7.6 

140 

5.6 

440 

5 

1 

28.5 

7.6 

140 

5.6 

440 

50 

1.6 

29.0 

7.6 

140 

5.7 

440 

50 

12.5 

28.5 

7.5 

140 

5.3 

440 

90 

mm 

29.0 

7.6 

140  ' 

6.2  ' 

440 

90 

20 

29.0 

7.5 

140 

5.7 

440 

TABLE  F-3.  Continued. 


STATION  NO.  *  DISTANCE  SAMPLE 

(STORET  DATE  FROM  RIGHT  DEPTH  TEMP  pH  SP.  COND.  D.O.  ORP 
CODE  NO.)  BANK  METERS  ^C  S.U.  umhos/cm  mg/l  mV 


22 

(3106) 


/28/79 


23 

(3103) 


/28/79 


30.0 


29.0 


29.0 


29.0 


29.0 


29.0 


29.0 


29.0 


29.0 


29.0 


29.0 


29.0 


AJ 

150 

B 

140 

.5 

140 

.5 

140 

.5 

140 

.5 

140 

.5 

150 

.5 

150 

.5 

140 

.5 

140 

.6 

140 

.6 

140 

480 


5.4  500 


5.6  460 


5.2  460 


5.8  460 


5.8  460 


5.7  460 


5.6  460 


5.8  460 


4.8  460 


5.7  460 


5.4  460 


TABLE  G-1 .  Physical -chemical  analyses  of  Bottom  samples  at 
Station  R-20  during  oxygen  stratification.  Middle 
Black  Warrfor-Tombigbee  Rivers,  August,  1978,  and 
June,  1979. 


Dash  (-)  indicates  analysis  not  required  or  not  performed. 

Asterisk  (*)  indicates  abberant  0.0.  measurement  due  to  damaged  probe. 
T  -  TOP,  B  *  BOTTOH 


TABLE  G-1.  Continued 


STORET 

CODE 

PARAMETER 

STATION 

20-T 

20-B 

IBfl 

20-B 

DATE 

8/78 

8/78 

m 

6/79 

TIME 

1650 

1650 

iB9 

1530 

UNITS 

70996 

ATP 

«g/i 

B 

B 

00916 

Ca.  Total 

mg/t 

19.0 

33.0 

- 

- 

00940 

Cl 

mg/t 

14 

12 

- 

. 

01046 

Ee,  Dissolved 

ug/1 

75 

27 

480 

no 

74010 

Ee.  Total 

mg/t 

0.24 

1.44 

1.50 

00927 

Mg.  Total 

mg/t 

HI 

1.5 

- 

- 

010S6 

Mn,  Dissolved 

ug/t 

13 

209 

<50 

<50 

01055 

Mn,  Total 

mg/t 

0.02 

19 

BESS 

0.060 

00610 

NH, 

mg/t 

<0.01 

IB 

0.22 

006:3 

NO,-HO, 

mg/l 

<0.01 

0.66 

0.79 

00625 

TKN 

mg/t 

IB 

0.8 

IB 

00640 

TIN.  (Calc.) 

mg/t 

<0.01 

. 

0.88 

1.01 

00605 

TON,  (Calc.) 

mg/t 

• 

IB 

00600 

N.  Total  (Calc.) 

mg/t 

BHi 

• 

1.4 

1.5 

00671 

Olss.  o-P 

mg/t 

0.025 

00665 

P,  Total 

mg/t 

0.04 

IB 

0.10 

0.10 

00937 

K.  Total 

mg/t 

1.27 

1.52 

00929 

Na.  Total 

mg/t 

9.36 

8.22 

— 

00946 

SO.,,  Dissolved 

mg/t 

10 

10 

m 

9 

8 

00745 

S,  Total 

mg/t 

1.5 

— 1 

B 

<0.1 

<0.1 

01092 

Zn 

ug/l 

<50 

<50 

57 

<10 

00405 

mg/t 

- 

- 

1 

5 

Dash  (-)  indicates  anal./sis  not  required  or  not  performed. 
Asterisk  (*)  Indicates  results  Invalid. 

T  =  TOP,  8  =  BOTTOM 


TABLE  H-1.  Results  of  Grain  Size  Analysis  of  Sediment,  Middle 
Black  Warrior-Tombigbee  Rivers,  August,  1978. 


STATION 

%  GRAVEL 

%  SAND 

%  FINES 

CLASS., 'I CAT I ON 

COARSE 

MEDIUM 

FINE 

SILT  &  CLAY 

(after  USDA,  1951) 

1 

10 

4 

23 

63 

0 

Gravelly  sand 

2 

5 

3 

28 

59 

5 

Sand 

3 

29 

2 

5 

44 

19 

Gravelly 
loamy  sand 

4 

• 

<1 

19 

44 

37 

Sandy  loam 

5 

12 

1 

■ 

8 

62 

17 

6 

• 

1 

9 

47 

43 

Sandy  loam 

7 

• 

<1 

20 

45 

35 

Sandy  loam 

8 

- 

1 

18 

32 

39/10* 

Loam 

9 

. 

- 

13 

52 

35 

Sandy  loam 

10 

N, 

<• 

10 

75 

15 

Loamy  sand 

12 

• 

1 

26 

64 

9 

Sand 

13 

• 

1 

8 

83 

8 

Sand 

14 

• 

<1 

1 

59 

40 

Sandy  loam 

15 

<1 

1 

1 

74 

24 

Sandy  loam 

16 

18 

2 

3 

55 

22 

Gravelly 
sandy  loam 

17 

<1 

<1 

6 

94 

0 

Sand 

18 

- 

<1 

22 

64 

14 

Sand 

- 

2 

25 

43 

30 

Sandy  loam 

20 

15 

2 

10 

54 

19 

Gravelly 
loamy  sand 

21 

7 

1 

?1 

44 

27 

Sandy  loam 

22 

1 

1 

2 

51 

46 

Sandy  loam 

23 

- 

<1 

35 

37/28 

Clay  loam 

*  39%  SILT  and  10%  CLAV 


H-2 


STATION 

%  GRAVEL 

%  SAND 

%  FINES 

CLASSIFICATION 

COARSE 

MEDIUM 

FINE 

SILT  &  CLAY 

(after  USDA,  1951) 

1 

1 

8 

42 

30 

19 

Loamy  sand 

2 

6 

5 

36 

40 

13 

Sand 

3 

22 

2 

22 

50 

4 

Gravelly  sand 

4 

2 

6 

21 

30 

32/9* 

Sandy  loam 

5 

5 

24 

26 

19 

18/8 

Sandy  loam 

6 

- 

<1 

14 

45 

29/12 

Sandy  loam 

7 

<1 

57 

29 

14 

Sand 

8 

- 

<1 

12 

21 

48/19 

Silt  loam 

9 

8 

2 

6 

39 

32/13 

Sandy  loam 

10 

37 

4 

20 

30 

9 

Gravelly  sand 

12 

5 

4 

67 

19 

5 

Sand 

13 

1 

17 

55 

20/7 

Sandy  loam 

14 

. 

<1 

10 

70 

20 

Loamy  sand 

15 

- 

<1 

3 

62 

25/10 

Sandy  loam 

16 

- 

<1 

4 

69 

16/11 

Sandy  loam 

17 

59 

2 

6 

24 

9 

Gravelly  sand 

18 

- 

8 

27 

52 

13 

Sand 

19 

1 

1 

12 

60 

12/14 

Sandy  loam 

20 

20 

2 

3 

31 

20/24 

Gravelly 
sandy  clav  loam 

21 

- 

1 

46 

29/24 

Loam 

22 

4 

2 

2 

27 

29/36 

Clay  loam 

23 

3 

4 

8 

44 

23/18 

Sandy  loam 

*  32%  SILT  and  9%  CLAY. 


H-3 


FIGURE  1-1.  Grain  size  analysis  of  sediment.  Middle  Black  Warrior- 
Tombigbee  Rivers  ,  August,  1978,  Station  1. 
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FIGURE  1-24  .  Grain  size  analysis  of  sediment.  Middle  Black  Warrior- 
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FIGURE  1-34  .  Grain  size  analysis  of  sediment.  Middle  Black  Warrior- 
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FIGURE  1-36  .  Grain  size 
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TABLE  J-1.  Results  of  analyses  for  sediment  physical-chemi 
Middle  Black  Warrior-Tombigbee  Rivers,  August  2 


Values  a<^e  calculated  on  a  dry  weight  basis 


TABLE  J-3.  Results  of  analyses  for 
Black  Warrior-Tombigbee 


APPENDIX  K 

BACTERIOLOGICAL  STATIONS 


--Unidentified  chj orcpJuttes 

Fragmented  colonies 


this  sawple  period. 


STATION 


number 


TABLE  L-3.  Phytoplankton  species  identified.  Middle  Black  Warrior  and 
Tombigbee  Rivers,  October  1-5,  1978. 


UNITS  =  number  per  liter  x  10"3. 


number 


Continued. 


BaiuEsawa 

llEiisiiiKanBE 


aiaBBiBii 

■HUirgnm 


eaui 


!w'  <  o 

S’  ts 
:S|  ££ 


number  per  liter  x  10"3 


L-IO 


UNITS  =  number  per 


TABLE 


^ _ I  0.5  I _ 

number  per  liter  x  10" 3 


pj  o<|r 


- 1 

n  L-J. 

H 


SI 


I 


(4  1 1 


ii&l=1^4p  Isll' 

1  jifg  s « §ra4 

I  vj  P  ^  ^  t  C  n  c  iife  t?a  ! 

1  I  r  £  «  Lfi  '  I  I  , 


UNITS  =  number  per  liter  x  10“3 


UNITS  '  number  per  liter  x  10"3. 


dent 


'jrrber  per  "'iter 


693  WATER  QUflLITV  HflNAGEMENT  STUDIES  HIDDLE  BLACK  WARRIOR  5/6 
AND  LOWER  TONBIGBEE.  .  (U)  HARMON  ENGINEERING  AND  TESTING 
CO  INC  AUBURN  AL  APR  83  DACW01-78-C-0i81 


unclassified 


F/G  13/2 


NL 


number  per  liter  x  10" 


iBi 

iiiniHiuiiiumii 

■III 

ill 


ill!  lilililll 

»ii  iiisir 

ill  liiiim 
Hill 
ililii 

iiuiiiniii 


ISlii!  f 

iillil  I 

ilHIl  III 


11 


UNITS  =  number  per 


number  per  liter  x  10"3 


.-10.  Continued 


Zooplankton  taxa  identified.  Middle  Black  Warrior-Tombigbee  Rivers,  July  30  -  August  4,  1978 


number  per  liter 


gggpijmm 

Hsian 


in 

III 


BP" 

IIISIIIS  I 


gl!EIIII3IIS3IESglB 


131 

III 


ill 

”\ 


iniiiiini  iiBi 


III 


miBHanyuiiBni 


II I 


NOTE:  Sample  collected  at  Station  16  was  spilled  in  transport 
UNITS  =  number  per  liter. 


UNITS  *  number  per  liter. 


M-5 


number  per  liter 


TABLE  N-5.  Zooplankton  taxa  Identified*  Black  Warrior  and  Toikblgbee  Rivers*  February  27  -  March  2*  1979 


M>6 


UNITS  *  nmaber  per  liter 


dentified.  Middle  Black  Warrior-Tombigbee  Rivers,  May  13  -  16,  1979. 


TABLE  M-7.  Zooplankton  caxa  Identified,  Black  Warrior  and  Torablgbee  Rivers,  June  17 
20,  1979. 


number  per  liter 


CM 


iiiiBBessesuBifliRugnisiBSiiiMsaii 

iiMnnimpiimiiii 

iBKisiBEEgHirEiaainBaE 


ilimmailiBHEIIIIEEBIEIBnEEl 


o 


Zooplankton  taxa  identified,  Hiddle  Black  Harrior-Towbigbee  Rivers 
August  26  -  29.  1979. 


EMIWHIHBiSHBaBnBBMi 

BliMM  mUBIiaaHIIHiBi _ 

iliiaii  BBaBiBasaaMWiiBMi 

BBnaa  yRaaasaBiaaaHansBi 


lilllil _ 

iiaaiBaaBBii 

BHaaaaiEKB! 

tamaiBBBMBt 


lapiiiXR 

ERnmiaBiL _ 

eiiBiai«Biiiffi8amtaBMB 


liiaaBiBa 

EinEBI  IK 


saaiBKiayB 
EaiKBimisa 
laaiiBRi 

BBI 

liaaaaaai 

iBsaaiiaBiB 
!  HimilBBaiBI— 
HnamaHi— 


I 


IISIBS 


Islil 

EBii  erii 


’  s 

i  ii 


Benthic  macroinvertebrate  taxa  collected  by  Ponar  dredge,  Middle  Black  Warrior 
Tombigbee  Rivers,  July  30  -  August  4,  1978. 


Olptera 

Ceratopogonidae 


STATION 


Jllllllllli  I 


MB 
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Benthic  macroinvertebrate  taxa  collected  by  Ponar  dredge.  Middle  Black  Warrior 
Tombigbee  Rivers,  December  10  -  14,  1978. 
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TABLE  N-3.  Continued. 
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TABLE  N-5  .  Benthic  macrolnvertebrate  taxa  collected  by  Ponar  drefige.  Middle  Black  Warrior  and 
Tomblgbee  Rivers,  July  29  -  August  1,  1979.  i  [ 
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MULTIPLE  PLATE  SAMPLER  MACROINVERTEBRATES 
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TABLE  0-3.  Macroinvertebrates  collected  by  multiple  plate  sampler. 
Middle  Black  Warrior-Tombigbee  Rivers,  June  17-20,  1979 
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TABLE  0-4.  Macroinvertebrates  collected  by  multiple  plate  sampler. 
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TABLE  p>5  .  Algal  growth  potential  (AGP)  test  results. 
Middle  Black  Warrior-Tombigbee  Rivers, 
August  26  -  29,  1979. 
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TABLE  P-6.  Physical -chemical  measurements  of  algal  g 
samples,  Middle  Black  Warrior-Tombigbee  R 
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refers  to  the  listing  in  Table  Q-2  under  others, 
parasitic  on  Water  Willow 
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TABLE  Q-3.  Alphabetical  Listing  of  Aquatic  Macrophytes  Observed  Between  R-10  and  R-16  (Lower 
Black  Warrior  River),  Middle  Black  Warrior  and  Tombigbee  Rivers,  September,  1978. 
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TABLE  Q-5.  Alphabetical  Listing  of  Aquatic  Macrophytes  Observed  Between  R-17  and  R-23 
(Tombigbea  River  and  Demopolls  Lake),  Middle  Black  Warrior  and  Tombigbee 
Rivers,  September,  1978. 


■o 

•o 

■o 

<u 

03 

a> 

? 

03 

t- 

? 

Sf 

<u 

9! 

o> 

c 

E 

Xi 

E 

1 

c: 

•r*» 

3 

3 

3 

•M 

<o 

V3 

to 

in 

<0 

o 

O 

i. 

i. 

i. 

lZ 

o 

o 

o 

Uu 

4^  4^ 
C  C  C 
O)  0)  0) 
Q)  O) 
s.  s. 

iSi 


C  C  C  C  I 
(U  • 

0>  0>  0>  D>  I 
S.  : 

4)  <U  <U  <U  < 
,£  E  E  E  I 

UJ  UJ  Ui  UJ  L 


CCCCCCCCCCCCCCCCCCC 

^  O)  Q)  O)  Cn  0)0>0>0)Q>CT>0)CnC7>0>0)Q>0>Q) 

i4><U<U<U4>OQ>(D(l)<U4)<D<U<U<U(U4l(U4^ 

lEEEigEiSEEEEEEEEEEE 

I  Lll  111  LlI  LlJ  UI  111  III  III  III  |il  III  111  111  111  III  111  111  111  111 


C  C  C  I 
0)  0)  a>  I 
O)  O)  O'  I 
U  i.  i.  . 
(U  (U  9t  I 
E  E  E  I 


“O 

i/) 

•o  i- 

X 

03 

(U 

i/i 

03  O  >»  _ 

Sl 

c 

03 

01  <u 

to 

>  z  a  X 

E 

to 

3 

r—  c 

i- 

lO  o  o 

03 

.a 

44  -r-  &. 

t3 

a>  0>  4->  U)  r— 

Z 

to 

&. 

a  >  03 

(/> 

CLt—  a  -  (jj  1— 

03 

O 

01  3 

-o 

3 

O  1  O  C  *1- 

•7^ 

4J 

SCO 

oc 

a  -O  3  .C  033  (/3 

C 

ti- 

to 

o »— 

<0 

a  a  o  c  It] 

03 

03  O  la  03 

03  >, 

03 

o  03  >>•-3  •■-  a  i_ 

. -e .  . 

ILlJt/),—  a)0>CUJ.^LLlliJUJLiJi 
Z  r-  >,-0  -O  S.ZT-ZZZZ; 

O'cramoiviao  o-O  o  o  o  < 
zu.oQO(/>cocaz(/)zzzz: 


jd  c  c  <u  a>uj  ujlulijiuujeujuj  io4J4-> 
•— I—  C  •S.4J4->ZZZZZZ*>-ZZ(-00 
0)  <0  U4J  O  (O  SOOOOOOl— OO  <a  c  c 
zzo.(/)£3ozzzzzzozzz;^^ 


a  « 

V  w 

rfc 

.»  ^-3  1 

«  K  Sj  S  O 
O  ^  E 
^  a,  R 
S)  «  <»  « 

•ri  t,  TO  -fi 

e  a  TO  o 

I  rill 

g  o  o  a  o 

^  OQ  CQ  Cj  ^ 


O 

TO 

•ri  O 

r«  2  <33  <3 

R  af  TO  05 

Q  TO  3  S 

R  O  ^  -B 

tSJ  «33  R  -Q 

+5  V  <3  0 

33  R  <3  -Q 

fi  4^  O  03 

TO  TO  O  V 

Si 

03  TO  O  <3  SJ 

^  ^  §  s-l 

TO  TO  'rJ  *?r  O 
Cl  a3J  TO 
^33  33  O  .<3 
Sj  R3  fel  C«3  fel 


O  TO  TO  S 

+3  TO  O  *3  V 

SJ'XJ  <3*3  R 

S  *,3  T~J  O' 

TO  o  o' 

i  K  V  <3  *3 

C  a,  E  3  TO  • 

33  TO 

03tS;  to  TO  3 
*3  *3  ^ 
TO  TO  f-  E  ' 

•3  *3  33  ?!3  2 

+3  +3  +3  -a  '3 

TO  TO  03  TO  ’C) 

O  O  ’3  V 

£  £  R  a  -3 
03  03rQ  rb  +3  ■ 
O  p  E  g  O  ' 

a  a  *3  *3  ^ 

«  Cq  fei  til  0) 


S,  TO  O  TO 
TO  +3  TO  "3 

a  •  R 

^sii 

;f|-.2 

I  O  *3  <3  O 
I  O  S.  TO  -3 
'  S,  TO  E  -3 
-tj  CL  O  TO 

,33^3  a*  ^ 
tC  tt!  H 


0 

•3 

TO  «3 
TO 

'tJ  O  <3 
•3  ^’3 

M  §  3 

•2  g  E 

TO  ^  ^ 
TO  "3  *3 
kq  33 


g 

p  ^  ^ 

■a  TO  O  to 

p  a  TO  2 
»3  a  o  TO 
o  3  a  ig 
TO  o  a.  •  p 

O  TO  TO  Q.  o 
g  13  TO 

_a_o  <3  ® 

<3  ^  ^  ^"3 

lllll 


111' 

a  a  Q 

<3  ^  TO 

ill 

•3  ’3  TO 
fX,  Cli  I 


o*-*cMro^m\or-ooo^O'-Hcsjro^mvor^coo>o«— »csjcn^to 
CNJ  rO  ^  tn  VO  CO  ^  i— •  i-H  r-<  v— l  t—a  *— •  *—4  f-Hr-^CSJCSJCVJCVJCNJCVJCSICMCsiCMCOrO  co  co  co 


Q-IO 


TABLE  Q-5.  continued 


"Association  B"  is  given  for  several  localities  in  Table  6.  The 
plants  present  in  this  association  are  as  follows: 


Locations  of  Aquatic  Macrophytes  Observed  Betv«en  R-17  and  R-23  (Tombigbee 
River  and  ne!"onolis  Lake),  “iddle  Black  warrior  and  Tnirbigbee  River, 
September,  1978 

PLANTS 


Alphabetical  Listing  of  Aquatic  Macrophytes  Observed  Between  R-1  and  R-9  (Warrior 
Lake),  Middle  Black  Warrior  and  Tombigbee  River,  August,  1S79. 
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listing  in  Table  0-8  under  others 


TABLE  Q-7.  continued 
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TABLE  Q-9.  Alphabetical  Listing  of  Aquatic  Macrophytes  Observed  Between  R-10  and  R-16  (Lower 
Black  Warrior  River),  Middle  Black  Warrior  and  Tombigbee  River,  August  1979. 
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refers  to  listing  in  Table  Q-10  under  others 
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TABLE  Q-11.  Alphabetical  Listing  of  Aquatic  Macrophytes  Observed  Between  R-17  and  R-23 
(Tombigbee  River  and  Demopolis  Lake),  Middle  Black  Warrior  and  Tombigbee 
Rivers,  August  1979 
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refers  to  numbers  in  Table  Q-12  under  others 
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MILE  BANK  DESCRIPTION  MOST  ABUNDANT  OTKER. 

222.8)  (L)  Left  bank  of  creek  (D-S)  Water  Willow  100 

222.6  R  Strip  NONE  --  Association 
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